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LEGAL NOTICE

W rqxwt was preped as an 8 ucount

‘of Ciiiirnment sponsored work Neither the
unitedSates, Imr the CxmMni88ti, - =Y
perm acting on behalf of the Comnis~

A. Makes any warrantyor repre~n*-
tion, express or implied, with respect to the
accuracy, completeness, or usefulness of the
information contained in this report, or that
the use of any information, apparatus, meth-
od, or process disclosed in this report may
not infringe privately owned rights; or

B. Assumes any liabilities with respect
to the use of, or for damages resulting from
the use of any information, apparatus, meth-
od, or process disclosed in this report.

As used in the above, “person acting on
behalf of the Commission” includes any em- -
ployee or contractor of the Commission to
the extent that such employee or contractor
prepares, handles or distributes, or provides
access to, any information pursuant to his
employment or contract with the Commis-
sion.
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()x Mm 1. 196+, ●n ●experimental thermo-

ndemr derice wu explodedatttw [“.S. Atomic
Energy (’ommition’s I?niwetok Proving
(kunda in the Ma*ail Isisnds. i ollowing

the detonation, unexpmted changea in the wind
~ructure deposited radioactive msterisls on

inhabited ●tolls snd on ships of Jcint Task
Fome #7, which wan conducting the @@a.
Radiation surveys of the arena revealed injuri-
ous radiation IPvels: therefore, evacuation waa
(w&4, and was carried out as quickly as poe-

sibie with the facilities avaiiab]e to the Taak

Force.
Although the calculated ●ccumulated dcmea to

the expcwmd human beings were believed to be
well below levels that would produce serious

injury or any mortality, the ( “ommander of the
Task Force requested the Department of De-
fense and the l-. S. .itomic Energy Commis-
sion to organiae a medical team to provide the
hst possible care of the expowd Pe=ons and to

make a medical study of the exposures.
Rqonsibilit y for organiaat ion of the medi-

cal team was shared by the .\rmed Forcw Spe-

(’ial Weapons Project, Department of Defense,

wnd the I)ivision of Biology and .Medicine, {7. S.
.fton:ic Energy (’omission. Experienced
~~rofm..ional and technical personnel were im-
nwtli~tely tivailnble from the Naval Medical Re-

wtimlI Institute and the l-. S. Saval Radiologi-

cal Ikfense Laboratory. Since spewl wns w4-

sential in the orgsniaation and transport of the
nwdica] team to the mid- Pacitic area. the as-
sistance of the Medicnl I)epartnlent i}f the Navy

was quested. and w~q promptly rewivwi frnm
the Surgeon &meral.

.t te~nl wws orgnnizwi fron, lIWWI!IIWIof the

two N-at-ylaboratories and representat ires ~~ftiw
.\K(’ l)ivigion of l~ioh)gy and Medicirw HII(Ithe

.frmed For(es Sptwin] \Veapons Prt]jert. Tlw
teanl WHS air lift~ to the Mamhnll 1- I.IIII{S,

;~rrlvil)g on tlw eighth iitty after the Pxl~l(*IoII.

Interim
handled by the mali med_kai deputmmt ;f tl&t
l-. ~. Naval .Staticm, Kwaja]ein, Marahall Is-

lands The commander of the naval ntation had
●rranged living facilitim for the expcmd Mar-
shall-, ●nd installed laboratory and clinical

facilities as requested immediamiy upon arrival
of the medical teun.

Full cooperation snd support from ●ll agen-
ciea in the field enabled the medical team to

operate nt maximum efHciency, so that the de-

gIW of radiation injury could be ●-

quickly, ●nd ●ppropriate cam ●nd study of the
injured could be instituted without delay. Ail
of the exposed individuals have recovered from

the immediate eflects without ~rious aequeiae.
Nevefihei~ it is planned to edust.e the

medical and gwwtic stntunof the group St. ap-

propriate intervals with M view to lsaming
what if any of the known late effects of radim-

tion exposure may he observed. ( )hviouidy ●nd

intieed fortunately the number of pcmons m-
receiving 75 roentgens expaaum and ~ter is

tno wnail to mnke it Pomible to dct~rmine with
iiny tiegree of accuracy the effect on life npan.

In addition to Imoviding medical care for
these pemons, the tealn ncrumuintwl a lar~

bwiy of scientific oixwrvntions on radiation in-

jury in IIllmnn tpings. The initial data have

IJ6WIIsupljien]ent~i lIy tielfi reshrveys 6, wd ’24

months tifter the originai instigation.

Tlw rt+uits of this w~mk Kre summnrizwi in

tiw prtwent v(]lunl~. The (iata which were ~>b

tained suhtnntiaily ilwrwwe the fundamental

knowied~ of rsdiatiou it~jul-y ~n(i the uwdicnl

capability of raring for lwmums exIHw<i to

lar~ doses of radiation.

( ‘ll AtlI.K# 1A ])1’WIIAM, J{. 1)., [);r?/.t/Jf.

l}ivlsi{m (,f l{i(dt~gy mIId Mwliciw,

[”. 5. .~ttmiic Energy ( ‘(mlnllwitm.
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T~B ~“~OR~ARilW3 of theran?●nd @Ud~ of the

human Iminga accdentaiiy expomd to fallout
Aiation following the !Uarch 1, 19+ nuclear

tasi det{mstion in the l%citic mpmmnted the
limt instance in which mtudy of s large group
of irradiated human beirigs was pomible soon

after exposure. Although the phynicd aEi-
mstea of dom received by the individuals ex-
pawd to fallout radiation wem thought to be
sublethal, p~ise knowledge of the relative

mnaitivity of human beings to penetrating ion-

izing mdintion was lacking. Acxxmdingly, in
addition to the initial medical t~am, provisions
were made for ● mcond echelon of spewidirad
pemonnel in r-m they were needed. A pre-
ventative medicine unit of the (’ommander-in-

(’hief, Pacific fleet, w-as ●lerted for pomitde bac-

teriological st udiea: blood bank personnel, and
additional clinicians ●nd nursea were notified
in mve conditions justified their serviw in the
Kwajalein area. Rear Admiral Bartholomew

Hogan, M(’, 1‘SN, Pacific Fleet Medical (Mi-

rer,” promised full support of Al the mdical

fncilit iee of the Pacitic Fleet were they deemed
nwwsary. With the preceding planning it
was felt t hnt any medical Iwotdem, regxrtile93

of the severity, could be prompt Iy and ade-

(Iuately handled in the iield.

Tl,e lwrsw~nel for the team were obt~ined
within the continental limits of the I-nited

States fronl the SILVKI Medical Research In-
stitute am] the [.nitwi .Statcs Navnl Rudiologi -

ral Ikfen.se Laboratory. From the former, four

IIIAIINI (dlhws, F.. l}. ( ‘ronkite, R. .\. (’onard,
X. R. shllln)~n, and R. S. Fnrr were obtained.

Two Mwiicnl .Servi<w (’m-p oflh=rs, W. IL

( ‘hapnum Nnd Robwt Sharp, were also ob-

tniwi from the same institution. In additim,
six elllistell men, (’. R. Si~w, ilyf(’. [.SN : l).

K. ,S4.h~]rk. I{\{ (’.[ ‘SX ; (‘ 1’..1. Strome, II Jf(’,
[“SS : JY. (’. (’lutter, lIM. 1, (’: R. E. IIan*ll.

●N4w sllr~m t;*mml, [’ S, Navy.

Iv

}{.U I (’: and J. S. IIsmby, H.M. Z, C wm

provided. From the l“nited Sta.@a Naval Rn-

dioiqical Defwum lAoratoryq Om civilian

physician, *or V. P. Bond: one medical
service corps OMcer, Lt. Corn. L J. Smith; ●nd
four ●nlisted men, W. H. GiMm HMC, USN;

J. (’. Hendrie, H.M, l/C: W. S. Argonxa, HM,
2,’(’: and J. Flannagan, HM. wem supplied.

The Division of Hiology ●nd Medicine, Atomic
Energy Commimion, sent two civilian physi-
cians, Ik. (’. I. Dunham then Chief of the

.Medical Branch and Dr. G. V. IAoy, Con-
sultant and S~ial Repmeentative of the Di-

rector oft he Division. The Armed Forces Spe-
cial Weapons Project supplied one Army medi-

cal firer, U. (’01. 1A E. 13rowning, MC, [WA

All personnel were experienced in the study
of radiation injury.

The preliminary studies performed by the
Medical I)epnrtment of the Naval Station at

Kwnjalein were under the direction of Com-
mnnder W. ,s. Hall, .M~, I-SN, the station
mwlir~l otlk-er nnd his small staff who are to
1P twmmended f{~r an excellent job.

I-pen arrival of the medic-al team, it &came

quite evitient thnt, because of bhe lnrge numbers
of rndiati{m casualties and the huge amount of
work involved in collecting dsta, thst primary

responsibilities for various phases of the study
would IJave to be delegat~ in o~er ~ o~in

the necessary information for biological assay
of tl)~ (Iegree of injury. In the initial phase,
henl~tnl(~gical s~lrveys and establishment of
(Clinlci+l rerords on each individual were empha-
sized. Dr. V. P. 11-md organized and ana-
lyzed the results of the daily blood studies. Lt.

S. R. Shulnmn, M(’, (’SN, with the capable

assistance of Mr. .John Tobin, anthropologist of

the Trust Territory, and Kathleen Emil, Mar-

shallew nume. as interpreters. undertook the

establishment of medical histories and initial

1~h~si4wl examinations. .fs the (.linwal picture



anfddtwl. d8ily airk call ●nd ram of the radis-
rti * m fnrrid oat by I-hlrtor shul-
nmsc SAN= iitwa dwiki in +1 mnf~

of NW Pm lm rap. Wiun ~iiation and skm
biotIMI apfwam~ ( “omnandvr R. .V ( “onard.

!U(’, [ ‘SN. wan smigmwi primary mponsihilit v
for dnrunwntat ion of the on*. i!widmm. and
&tnikd description of the skin Iesitmx Ihming
tiw kid plmw, U. Robert Sharp, M.S(*, 1“SS,
w~ given tltc rqmnsibility for &colltamina-

tion nnd collection of datn from nll .soumes on
the radiation intmsities of the contaminated

atolls ●nd the calculation of probable domes of

radiation received. Paul K. .Srhork. HM(’.
1“SS, was in charge of the Hematology labmm-

trmy. The services of Dortor S. H. ( ‘ohn wmw
rwqueI@ed, and made available by I“SSRDl, to
undertake a tield study of the degree of interm;l I

contamination. in nddition to the studies thnt
werw to be performed nn urine snrnples returned

to tlw I.us .$lamos .Scientitie Lttboratory. Sew
York opemtions (Mice of the .itomic Energy
(’omrnission, ~nd the USNRDJ~

The authors wish to exp- their gratitwie
nnd indebtedness in particular to Doctor ,fohn
(‘. Hugher, tltetl I)irertor of the Division of

Rinlogy nnd Niedicine. .~tomic Energy ( ‘onl-
n~iwioli. who cltnle to tlw forward nrea and was

Ii1wnys nvn 1Inble for roun.sel. In addition CSp-
t~in Vnn Ti])ton, M(’, {-SX, I)irertor of .\tonlir
1)vfenw l)ivisioll of the l!utxwu of Medicine
Nnd ,Surgery. I lepxrttuent of the Smvy: ( ‘om-

nmnder }i~rry Etter, M(’. {“SS: (Tnptnill if’. F..

Kellum. }1(’. I-SN : tt]){l ( “nptsill T. 1,. \Villumn.
(’onlnt~~t~tlit}g HI141 Executive ( MirPIS reslwc-
t ively f~f tile S*viil }fw~ica] I{e~l~~l~ (n~i-

tllte: G~l}t~\ill R. .\. Hill]wrs, [JSS, I)irect{w
l-.+ XRD[.. ~tt{l (’nl}tniri .\. it. lhltl}ke. }!(”.
1’SS. .\sw M”inte l)irwttw XRI)l,: gNve ulllini-

itwi ~lll~lwrt 111141rwlu(wd ll(itllillistrittiv(~ ]mb

(xvlIIr~ to :1 }IRIV niitlinitttli. tlltls ultikit)g it iMM-
~il)le ftm the u]lit to Ite nsww]l)lwl 111111IIll(lerlvn}

il] II lllj~tter of hOill%.

{ ‘lMMI nrrivn] tit Kwnjnlein, Rear .\dmirn]
R. S. (’lnrkp. USN.(’{]nlll~itll(lit~g( )fti(’er l-l)itwi
~t~tw~ SNVN1 .%t~ltl(}ll, KwnjMleit]. slll~lnwtwl tlw

lm]jw’t with all (,f tlw facilities at IIis {Iiqwsal.

.\s M wwill. H Irnbt,rnttwy XINI ,.lil~l( UM5 e>tnh-

Iisiwd and opvrnting within 2* hmnn ●ft- m-
rival of the medieai ta9m.

in dditmn. we -IA to arkno-~ tiw a48t-

Wanding nm~ribut mns of ( ‘rd. (‘. S. .Maupm.
.M( ‘, 1.s.1. Fivhl ( “cmmmnd .\rnd Fomwm SF
(“ial W-pMt* l%njw~ : ( ‘nptain H. H. Haight.

.W’, [-SN. I)ivision of Military .~pphratti,

.\tomic Et- ( ‘tmmimion: I)r. (hmion lhm-
ning. 1hvision of Biology and Mdicine. .ftnmic
Ihwrgy (’ommiwion: ●nd Dr. H. .Smvilb of
.\rmed Fomea Spwial Weapons Pvojert who in
nddit ion to th~ir primary dut i~s, twllected ex-
twlsiv~ data in the field on the radiation intertai-
ties of the ntolls and kindly fur,lished this ma-

terinl to the project personnel. M. T. 1A Ship-
IIIIIN, ‘I%omas White,O and Payne Hanin of the

Ia .flnmns Scientific lAomtory kindly fur-
1)ished very valuable dat n on urinary excretion

of radimluclides. The early studi= of the 1AM
.\lnmos group in particular contributed sig-
lliiic~ntiy to the infomtatinn on the degrwe and

nittilreof internal depmition of short lived

rad;onuclides. l)r. (;. V. ImRoy. ,isnociate
I)van. .Srhool of llioiogic~l Sciemws, l“nivc~itv
of ( ‘Ilicago. ~nrtivipnted in t]te early phw of

tlieN u{lyns n iwlwultnnt to the Medical ( ;roup.

The authors of C}mpter 1 nm particularly in-
debtwl to Dr. (”. .%.Cook and the Nuclear Radia-

tion 13ranch nt the Navy Radiologit’al I)eferwe
l~boratory for infomlation on energy distri-
h~lt im) of the gafumx rwlirnt itm. 1)nt~ on rndio-

rhemical ttnd ra{lioavtive decay r~tes www slIp-

Illied by I)r. (’. F. Miller tiIId tile (’]wmicni
Twhn{)iogy l)ivisi{)li of l-SXH1)l. iiml I)r. R.
\V. S;m,ti.w of I~R .\lRnms .Sciwlt itic lAoratory.

[n rtlllv ‘iqz ~lNta (m the ~kin Iesimw the
help of IIi}tiet #hlm(mL Ma.rshnllese .wh~d
tw{tlwr for the l{ongel~p gn)ul) in interprWw-

tim wns invwlual~le. Miss Patricia Roan of
[]sSRJ)l, prq~tirwl the liist,dogi~o lmel}arrn-

tions of tlw =kin biopsies :11111Mr. W’illinm Mllr-

rtiy nmi (hwqze ?JewiIIm {}f {“S NRI)I~ MINI
(‘. P. A. Strome. 113[(”, 1.SN, Snval Mwlical

ltew~rcil lnstlt ute perfornmi t iw exreilcmt
tv)ior i)ht)tograi)lly.

III prv+pmration of the nmteritii IImi wvtiwt (}f
(’lm]]ter V. tlw nuth(ms Mrv III(iAtPIl t~l Miws C.

● b-mat.

.— . . . ...”
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A d [*MJRSL Act ptqrmd tha 8mbra-
diogqhrl d tlwti#RiRm [n ●ddition. Ilr. W. P.
MA d .t~rw Xat%nai Laboratory made

●utogr+a of rpwitk timnm [h. Rachad

Red of l-SSRI)f. pevfomud the mimwaropic
pthobgical atudti of ttw ti~ from t)w ani-

mals in whmn mfioimtopen wre depnaitcd in-
WrWally. 1A. Col. R. .J. V-nmra, V(’, t‘, S.
Army. wan in charge of the cam of ●ll the ex-
perimental nnimals coilawtd in the tield ●nd re
turned to the [’nited States Naval Radiological
lNfmum Labomtory. Dr. E. R. Thompkins
made the facilities of the clmmicnl twhnology
division of the I’SNRD[. available and pro-
vidwf t~hnical advim on the radiorhemical

asperts of th~ projert.

The ronrinuous help and cooperation of the
Trunt Territory representatives in particular.

.Mr. .Maynsrd 2JWUW.I)ist rict .tdrninist rater of

.Majurn .ftoil nnd their iti,l in obtaining the
necessary control drttrt on Mnmbnllese inhabi-
tants was indispenwble to the w-. of this

study. Particular help wns obtained from Mr.
.John Tubin, the district nnt hm}pologist, whose
knowiedgv of the MnmllMllese lnngruqze and

habit~ in ndditirm to saw-ices ns rtn inteqweter,
www invnluahle.

The initial nwa.wrenwrrts nn skin nnd cloth.
ing contamination were nmde by [~. .J. S.

Thompum. .M(’, I “SX. of V. 1’. 2!) .Squadron.
\VII nrv irulehwl to him for furnishing his rec-
ords on the contanlinmtwl il~{livi(lilnl> nn{l the

initial decontfin~inrtt ion tlltit WM performwl by

his group.

The rnrv tIntl tlw ●tdy of tlwse hunmn beings
woli Id not hnve been sucrewful lmlesw the
Mnrsh~llew hnd wxq]ted the inllnlrtnnce of

their being Iintler careful nlwiical [hservation

nn(i of gnthering mwli(vtl dNtw .\t nil times
tllw pwq~ie were nwst plwwwnt. {.myw-ative

Htl(l :u.tiveiy l}~rticipatwi in the l~rf]jw.t. In
Imrtiruitir the l,r{lject officer wishes to ~xpm~

tl~~nks t{] the Mngistrntes of the gVOIIp~ to the

Mmrwhalke henlth ni(ls. whcxd tewhem ●n{{

nurwa.

It in quit- im!n-iw to arkrwwhke the

amuntanm of tlw nummwus Indlvrduab m varl -

oum agvrwti who amiqmi in rolkt JW 0( tlata
and =Iiting of thv various cha~ti~m. The IJIY*

jwt ( Mhw wishtw to rotnmrnd all of fhe 1~-

ftwuonal ●nd tmhnical nwmtwrs of the group
fur their ●xcelknt rnotivat ion. initiative, ●nd
voluntary long hours of extra work that wem

antial for the ●cromplishrnent of the clinical
nnd resmrch objectives and th~ rapid collection
of the preiirninnry data in the tield. It is

quite ●vidcnt that the entire study of the ex-
pmed individuals was a cooperative endeavor
involving numerous activities, nnd that it would

lMVVIbeen impossible except for the splendid

spirit of unselfish wmpertition by all concerned.

The lin~ team work of the group itself made
it pnmible for mlistic ~laily reports on all of
the nbove phases to be forwarded daily to re-
sponsible ngenci- ali{l thus keep authorities

informed of the course nnd severity of events

following this untt}w:trd ttnd unn vt~idahle ncci-
(Ient.

[ ‘pen cnmplet ion of the init iril phase of t lie
stll{ly, [Jrinmry responsibility for writing re-

Irnnls 011 the v}lriou.se ldIn* wns delegated MS

frdlows : (‘. .1. .Sorl{lhails, (l{~inwtry: X. R.

.Shulnmn, clinicnl ,(MIW nnd cnre: R. .\. (’{m-

nml. skin lesions: \- “. lhlr~fl. lwnmtol(~y: S.

1{. (’ohn, internnl dr[,twitit)ll.

The tinnl I}itblicttti{)ti of this ]}l(jnogrnl)l~ (m
hurnxn rndiatiml injury rq]r~nts ‘the lwrl)l)le-
titm of the tilwst ill ~xm~lwrttti~~rlnrul twtm work
(~f N (1ive~ groul~ w}}{) will ing]y +Ilcrifice!l

l,vrsonnl i+n~biti{]tw alI({ (l*ires f{~r the grxxi

(If ttle !Jrnjert Nt lnr~m. It Wxs N tlistinct Itrivi-
Iege tf} he CINWII to (Iirwst ttw nwdicnl terim,

it rvtil l}letIshre ttl %Iit nrl(l integrate the sep~-
rnte relmrts tilid tintllly rwtlize tlwlr fr[liti~]ll

as a html{lgerlw~rw nll}lmgrnldl.

~. ]’. (.lMISKl~ ?d. ])..

}fwii(w] Iklltirtnient.

I{rmjklmv~rl Snti(mal Labm-ntory,
I ‘~~t{m, Sew l“ork.

—
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W tutimatcd duratiorM of fallout Wtttih
ia;i imm tite &sv* wttmfmdaltf~n ~*f ml~~~

MOW mte for t;rwup I ●nd [11 appar ttm~
boru to ha-r ormwrvd ●t t h,. tlmtsnmw of

th- pqb from thr h{ tsiand. wmw the
wind vdorlty m the ●twa wa~ h@t rnt~ugh
to move the rioud ovrr the iaisnda in ●

considwabiy shorttw t im~. ~- lit tb an one-
half of the dove In{lirated time.

The amwunts of t hr visibility oft he fallouts.
ah bough conflicting, tin not imlicste such
Imte mwaation.

Doses calculated on a long fallout constsnt
rate of increww hypoth-is are Iowvr than
those du~’ to a short fallout, since a short
fallout quickly deposits ● large amount of

activity. For both a 16 hour and 8 hour
fallout aaaumptioh, a dose value was esti-

Table 1.2

L,l(A711,m
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1.23 Geomatq of tha Ex~ spherically r;ented (’o’” sourrea with n phan-

tom l~lnwd ~t their center, compared with a

Jn Aiitiou to the dmie rate Bml energy dif - convcmtiomd bilateral depth he cur~e A

tained with a single source (+). In the latter
case, the air doee is uwally measured at the

point suhaequently uwupied by the renter of

the proximal surface of the patient or ●nimal
with mpevt to the source. For the tield V*W,

all surfamw am ‘“proximal,”” in the sense that

the uir dwe measured any w hem in the spaw

Awquently omwpied hy the indivdua] is the

same. It is this ●lr d{= whwh ts nesurwi. . ..—_.

i
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better common pam.meter in t+m~e of which to

predict biological effect. On thin mmmpt ion.

the air d~ vulum stated in Tsble 1.1 should b

multiplied hy a~qwoxln)stely 1.5 in order to

wm~pre their effects to th~ of a given air

(It= from a ●*point Moumw””barn gwnnetry de-

Iis-wvd Ililaterally. 1f this is dww. amuming

a fallout of 12 houm tk following ‘point

*171Z(*S—2

The geonwwy of radiation fram a fallout held

is not identical either to the gtwmetry of bi-

heml point uoumm or spherically distributed

soumen sin- the plane mm-e deli~~rn the r8di8-

tion largely ●t 8 gr8xiW m+. }iow~vff, the

total iidd wt ust ion irntiter approxinmtui by

w~lid than ty plsne p~tdry. ~.xpNI~ ~-

A ry in a rmlifmrt Ive rloud would h mphernd.

8

.. . . . . . _-
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Tw-(’Ax k nodouht that tbdmraof rxdia-
tim to ttw aurfwv ●d tb find k milli~m
of tk hraiy -m ntrbantially hi@er than the
mid-line k of gamma mdiatim ass nwult of
friryaimi eonsidmati- of gamma energy ●nd
depth dome. In addition, the dinicai &ervB-

tinnn of the *in lesions (= (’hap. 111) f~

fully dsmmmtratrd that the daae to the nkin
vuied m-msid~mbi y between individuals and
mer the surface of any given individual. .1s

will become ●violent in the following diwusnim

of nurfam drwe, it in obvious that any numbvm
premntd am ●t bt only estimaten and reprv-

ment ●n ●ppmximat ion of we minimal value.

I

In amaa wherv lesions wcrr srvwv the d-
muat hav~ been significantly higher than in non-
{lnlIla# Sresa.

~ To arriv~ at nonw phy~ical estinmt~ of the

i
skin dour. Mn nttrmpt must Iw mml~ to ●dd up

the twnt rih!tt ions of th~ high energy gwnma.

the vwry wft gamnm mild the high~r etle~ Iwta
nrriintmn from th~ lrrrgv planar wmme in which

the imlivi(lurrls vrem of nrxwity existing.

fl(mwer, as nilwied to rLiMwe and enq)hasixA

in ( ‘hal)t~r 1I 1, the lar~t component of skin

irratliation mwu]ted frnm th~ spotty Ioral de-

lwits of fallout mat?rial 011 Pxped wwfa(e
{If the bINly. The d(~ from dqmsited mnterial

is in~}n~-ihle to estinmte: however. thnt from

the Irnrfrv Idanar s4mmv nm~ I* rtmgltl~ eMi-

nlnted W followM :

The hvta {h- rnte in air 3 feet almve the
~urfn~w t)f rnnilttinite plmw ~wntnminatwl with

mixed 24 hour ohi ti~ion products is estimated

t{] Im alnmt tl~rvv tin]- the total air gnnwna Ii(w.

The mi(i-lirre gamma tiow is ●lqwoximately 84)

lwnwnt of the ●ir {I(* rmlninlng after QxclII(i-

ing that pIIrt I(m of the ~itmrbrhm ~~ KY.

‘Ilis !mrtItm rn tlrrn IS c+tinmtwi to tw +11 pr-

vvnt of ttw gatllnla Ii(* nwasu~i III ●ir lIy the

Illstruntvnt. ThIIS thr Iiow nt tk wwfnrr of ●

Iohantcwl FXIWIF-i to rIIIXeCi tkwtn Imnir}t.t

ra(llatltm fnur~ XII Htwnal I)larw xwr~w n~lfit

t!m~ eatus;ltii #ma: a9-b- **i-
tlwmd-hrw~~.if Imtirarvtakn ●t 3 * *

tk grmmd. .-h ● -h - ~~

ham in fart b madP ●xprvi~ally at ● l-i-
naw t-, ting ● phantom man ●%+ to Mh

the initial ●nd maid-l rdatti (5). -

ckpth dmaw for -h ~ituat Ion arw drown i.rt

Fipm 1.5, with ●ll dataanpetvwnt of tlw 3mWt-
twtcr dnR. With the diverging initial mdis-

tion ftwm tlw point of ●xpimim. tlw ●sit dam

was -n to be 63 Pem@nt of the 3 em. d-. bOt
with the ~iitfuae rvaidnsl field of fimioo pd~

providing a semi-infinite planar .wu-. ● rulr-

face doss some ~ times gtwater than the 3 cm. ●nd
dcepw dmw from the harder gamma rom~ts

was o&rerved. This itr sum to be of the aa-

o&r of magnitude as that estimatai sbovc.

.U h~igirtrr ●bove ●nd brlow the 3 f- level thin
surface dose would ~ 10wer s~ ‘i*

mpctively. but since it is due to aoft mdistim
c~f short range. it ptibly WOUM n~ Q=d W

tinw the 3 foot 8ir gamma dose or 80 tirnar th

midline dome. even in contactwith the ground.
.i n rst irnat~ of skin do= dtw to ground conmi-
nation for th~ Rongelap c- would result, for
●xample, in a figure of ●bout 2JNH) mp at tlw

level of th~ dowm of the f~. ~ Wp at t~ hiP

level and :Bm}mp ●t the head i~ rontinwua e
pmuc tritA no fihidding owrmrd. l“nknown

variation in dw undoubtedly resulted from
shielding and movement. It thus -S pa

able that the ext~mal beta d- from local direct

skin lxmtrrminatiotl fnr outweighd that from

the ground in in)portnn(w, sitw the latter was

not high enough to prraiu{w the o&wrved I=ions.

( “Ii)thing probaldy reduced the hrta d- from

the frroumi hy lo to ~) l~~nt.

1.4 summary

.
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2.2 Sympcams and Signs Related to

Radiation Injury



2.3 Clinbl Obacmati d -W
With ReqxcttoH~
Findings

2.31 CliniaJ ~- ad ~ ~

lkrwEEN THE :Khxl and +?rd peat-ex~m

[iays, 1() pervent of the il~dividuals in Group 1
itad nn nbdute granuloryte level of 1(MH}per
cut]ic n~iilinwter or below. The Iowe$t ~)unt +
Servai tiuring this period was 70(~granulaeyt-/

mm.~ Ihmng this interval the ●dvisability of

giving ]wophyiactic antibiotic therapy to

granulovytopenic individusl$ was carefuiiy con-

si{ierwi. I {cw-ever, pmphyisct ic antiti~ir

t hernpy was not instituted for the following

rvlwons :

[ 1 ) .ili inliividuais wem under cwtinuous
n}miirtii (Jwrwtion w that infection would be

(ii<<wered in its wtriiest stqp.

( 2 ) f’~tllntllre a!iministmtioll of Nntibi(jtirs
migi~t hw obwutwi med id in~iicat ions for

trtmtntwlt, un(i might NIW i]ave iea(i to the (ie-
rphqmw)t of (Irug resistant organisms in in-

tlivltiu~ls witi~ N Iowerwi resistance to infec-

t ion.

(:] ) ‘1’herp wits m) Hccurate knowledge of the

Iiltnltwr of gral~uhwytes requird by mall to pre-
vwlt itlfwti{m wttll this ty[w of gran]llocyto-

I)P’1li/1.

Tlw ihwwwi situwtion wns not str]~.tly conb

l~~tl”ll~)l~ to it~rllilllli(m”)’t(hls witl] *n ~p]~~ie

IIINrn W w>*II f(dlowi))g know lethnl doses of

rwiintit~l). 111 tlw latter institnce. granulocytes

f~{ll rlll)i{lly with prwt icwlly none in circuia-

t ion NINI m) evidence of grwnulocyte regenera-

t ifm when infwt iml wcurs (t;). In the pres-
w)t wmp of in(iivi(iu~ls ~x~mi to ra(iiation.

ill(~t r(mnts tvachwi q)proxtrntitply one-fourth

the norn)~l vullw, btlt the f*ll to that ievei wu~

grn(iIIIIl Mn{i the lItw*IIw of in]wtitutw grnnu-

hnvtw in the lwl]dwfwl bi(MMl durimz tlw Iw-

*
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gitkwithpmminmt Iywphd bmdaaQ *
4 -low r. ~ tb fird &y. A s pQm-

kstmadudtmchdd-mfor~- 18
&ym Itw-of inti to determine widtar
the qqMRs8nca of VR1 coald be mwmlstmi with
tbe doa of mdiatioo reAved or with chq
inthokkocytemmnt.

Fifty+t paramt of the indtviduah in
~ I and K ~ of tiw individuals in

(hap 11 devebpd UItl. Seventy percent of
the s~ectad individtmb *WI- V-
beltVveamthe Y7tJtand 39n4*+wmlW%
8nd the others developad aymptoma in the sa~

aaquent 9 week. FMty-tmv@n percent of the

sffectedindividuals were obrved to Imve ●n
upward trend in their bukocyta 4munt4 the in-
c~ being due primuily to gmnulocyteu

Since M i~ in the rmmn gmnulocyte

mmnt of the entire population occurred ●bout

the ‘29th ptM@xpomwe day, it aremed pertmettt

to determine whe(her in individual inatsncea

the incmaae waa dated to the pmwnce of

nqimtory infetYion.

The relationship Iwtween the oberved leuko

cyte incrwmm and the prwmnce or ainwnce of

upper xwspiratory symptoms in (%oups I ●nd

II is shown in Tabie 2.2. .Seven of the 27 indi-

viduals that deveioped both 1‘ RI and ● leuko-

cyte incream developed the Ieukoryte increnne

3 or more days before symptoms of [“RI ap-

peared. It is also of intereat that the medicd

personnel Invoiwd In the rare and study of the

radiated individumis had an equal inmiemw and

I

tmx; rkaiaeuioeyt- . . . . . . 2?

uRl; net’kein uaodoaY----------- -
No VR1; rbin ~------- :
R16uR1:tto*b -------

dence and aevekty of-mpimtory infedion in
GNIUp IT”, which hsd rameived only siight radia-
tion, wa8thernmemtMti Gq Iubd IL
The ●ppearanm of UR19 ~ dii not 8P

~r to be dsted to the &m of rufistion =
to changwt in kukocytm level.

TMC Dmuuaam THAT were neen during the ~

riod of obaervat it-w of Group I and 11, which

were Qxpomi to the high- dotM of rsdidiom
wr listed in Tabie 2.3. None of the di~ w
pemed to be related to the effects of imdiation,

either directly or ans renuit of hemd.n~ic tlis-
turhances. For comparison. the d- that
wetw en during the pmiat of Oimervation of

Group IV. which rereived the iowest hue of

Tabk 2.3-~ That W- Obrved in Group 1 and 11

Furuncl~
(;um A~
Ch(.dwyatitrn.
Tim
!Uitt+chnwrm
(%twahaai uf’t~
Eryt hcma mdt tfnrnw
34tar911br~ “

_.—

2
I
i
I
I
I
I
1

_.——

L4ronchitim 1

AptJLhOUSuI* of tongue. 1
.Spondvkdicdmm 1
lmpmwo &
TOnth vItrartioM 2
( ;mt rKwlltPrltm 10

[“ppPr r9qwUOry Inktaom 47

Folhruhr \o*IdIl - 1

i.
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~eml~iaT**4. Tbh.igh
utcttbwof~inbnth gmmpewae

*Y ~ ~ti beeping of permhable foorb
~fmrlongpet+dbythe Mu-
&lk end waa not mmt alter thie prectttw

was tiopped. It would sppeer that ● higher
p’cent~ of the individual in (hupe I ●nd
11 developed upper ~pimtory infections rOm-

pmod to (hap IV. However, d of the indi-
viduals in (hntpD I and 11 were qtadooed
ronmmting even mild eymptxnne of I’RI, where-

am ocdy thoxe of Grtmp IV with mere eymp
tdmmof rRI C8moto the cl: k.

2.6 Cbaqp in Weigh asan Imdia-
timofwmrbana ind!uGCn-
4 Muabdism

TNm IbY W-man of indiritittals in (koupe I
●nd II wau fohwed routinely. sinm they had
an unrestricted diet and ●l] ate well, their
rhange in w~ight might be ronsiderwd ● inditn-

tion of any disturbmt{~ in tkir ov*r-all metttb-
{Jiwu. ‘1’hc vwight changes we summarized in

Tabb 2.5. It woaid b eqmrted thst within s

Iwr!ml of six AK marl individmb below 16
ywtm ●nd perttcdarly them twlows yeere wotdd
gxin MOWWweight. The fact thst mcmt of them

I* w~ight m-y indicate that they twtwiml 8
dmte of mdiation su6cient to interfere with nor-
mal metabolitnn. In spite of their datively in-
set ive life ●nd hemty ●pptital many of the

●dtdta ●b M weight which may indicate come
int.demncu with their norlnsl tnetabohum
M wes little difference in obamed weigM
chqee betwrm (h’OUp I and &OUp II. It 8p-

peatwd tlwt t) s dii?erem= in dam meived by
the two group did n@ dibtially sffect their
body weigk Whet& tk OhWed h in
weight were related to mdi~ion or to chatge8

in environment is nd ck.t. lTtt~,
no satisfactory contmi ex~ to aid in in-
terpreting the hof weight in Group I and 11.

2.7 The E&as m Pmgnaacy

Forx WOMEX m Group I wem pregnant when
brought to K wsjakin. Two were in the _

trimester, one in the eecond trinteeter, and one in

Tebie 2.4-~ Obremed im Grottp IV

~y{== ;
(

D~~ srmNx
m C-

.——. ..— f––_—l —— ——
1’

Ontarthritti . . . . . . . . . . . . . . . ...-1 4 ~ Choriotetinitin, unknown etiokxy.. . . . . . . . 1
Epitheliums uf snkle, with neemtie & / I Thmmbophkbitix, sntaeubitd vein.. . . . 1

generntlon. . . , 1 i! Impet@ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
(?hronicbmnchitix . . . . . . . . . 1 ;, Dynrnenorrhea . . . . . . . . . . . ..-. ..- I I
Furunck . . . . . 1’ itxfolimive Amnatophyt.onix .- ----- I
(“hronic lmmchitix md bronehkcti . . . I 1] Ectropion,righteye . . . . . . . . . . . . . ..- ., I
A&of xuk of foot . . . ..-. . . . . . . 1 !~ ,Amttuns . . . . . . . ---------- 1
Grbuock . . . . . . . . II ~ Benign hypertension with hesdache. . 1
Tooth extraction . . . . . . . ...1 I I Fungun i[tfeetion, suditwy cmnal. I
Fungus infeetion IX gumn &d palste .: 1 1 Trirhomorw eywitix. . . . I
( ‘ont uxiw, tmumstic 2 ,1 Tinew 1
( ;aXtmell@rltu 30 tlimpk heuimhe !5
[“ppw mspwatory iufeetiom 15 .lcutr tmmchma I
.\rtrriOaetitw hesrl di~-. derOm~- Pomihlr ruptud mmrvertebmt d~ I

mtd I Ppvrr of unkrww urtgm I

Py+rwphrlt I@ I Nmleohxm Ill-v I
I.mrrt kw. wlt h mmkd pd#rd dem~ I

I-_
...-
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b
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Pmntofgroup tbatlatw*ht. . . . . . . . . . . . . . . . . .1 m
f +0

----- . .
I I

thethirdtrinwster. Noneofthamw omenhad

Anomml symptoms refembie to pregnancy?
and as far as could be detemtined, ptwgnancy
continued in a normal faahion. In ~-.vti~ 11.
onewoman wasinthesecondtrimeater. Nod-
normalitywaedetected. Fetalmovementa=ere
unaffected in the individual in the third tri-

mester. The hematologicchangee of theprwg-
nwnt women am liatedin Table A.6. Two indi-

viduals in the first trinwst~r had a marked de-
[}mssion of platelets hut at no time was there

mtiy vaginal bleeding. .% far, theexpoeureto

mdiation has not had a deleterious effect on
lmegnancy. .ft the 12 month reexamination all
of the above women had delivered. one baby
WWborn deml: theothem vrewnomd. In the

~.a.+ f~f the one still horn, irrdintion or Ilrrwi

ti~ the nn~tlmreither hefom(wnmq}tion or early

In the tirsttrimester.

2.8 Special Examination of Eyes

ioGr41upsiamdi2

—.—- —--- .- ..— — —.. .

I

GaoL-r [

Fimt 35, MMJ 4.500 3.OW

First 50, UU0 5.000 2.5Ca3
tkwond lso. 000 4,ato 3,WMJ

Third 120,UN 10, (m ;. m

(; RI)!? 11

&wond I70, W 7.000 3.2m



TnR (’UXN AL FtMIMxao in ● population ●cci-

dent.ally inat-iiatd by fallout material from s
nuclemr &vice has &n preeented. The tnom

timtsly imdiati individuals hd initial

Hymptotntt of ●nomxi% vomiting and dia-
whirh subsided vrithout treatment within 2

daye. The smne individuals dowly deve@ed

grmttlocytopenia mtd throtdmytopenia unM-
wciatd with secondary rottlpli~tim ~

only other manifestations of mliation ●xposure

oboervd wem skin lesions and epilstion, d-

.srrihed in detail in (’hapter III. The incid: ace

of ill fertious ●nd noninfertioua di~ in the

mom tteverely ●xposed gtwups was no gnmter

than that in the least Qsprxwd group. If. after

irmdistion. the plntdets ●nd l~ukorytes fall in

a manner and to n degree similar to that ob-

served hem, it ran be predieted that no hemor-

rhage or inmwwd su.sreptibility to tlisws.=

similar to th~ otwerved in tliisstudy will occur

ttnd tlmt no special pruphylactric measum will

tw indicated. The U= of ptq)hylactic tnea9-

u~ however. should be cwtluated in terms of
existing conditions. With the degree of hemo-

poietic supprmmion observed them is ● [x~i-

hility of ilwreawi susceptibility to mom viru-

Itwt pnthogw tllwn w-et-e present in this

inci{ient.

1.

2.

‘4. .

4.

-i,.

tt.

i.

m,

it,

10.

11,

Dw9h9m. (’. L. (“nmklt-, C t’.. ti, (J. V..
awl WOrNIO.H. Atwnlr t4umb lnJQry, ~. 4. ~. .4. I
/ 17.,30- .s4, 1s1.
{’mnklte. E. P. - f~lwrw~~ ~K •~
Tmstmwm or WAiatIta [ajury PrnAotwd b? -,
Atumtc RI)mtm RU4WWS 36, tM1-4XJt41961. I

rend. v. P.. tmwrtlMm. M. n., Snd (wk. E. P.
Pstttamlmaim●nd Parent- d Pn8t-lrmdhtkm
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Chapter 111

Skin Lesions and Epilation
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3.1 kmhuzkm

FALUWT oPiiAmMcTIvxmmterm “Ioommmcd

WP-i=-b - ~~ ** *-* of
tlm t)nuaumdmr chmita On tlmmo@hmvily
mmtaminxtad ixk~ Ron@l~ the fxllout WM

&m?liM as ● powdery material, %bowlib”
whkh fell over a period of severxl bourn ●nd
whitened the hxir ●nd ●dhered to tbe &in.

k @nking MoW damibad ti %&-lib”
w= ~ ~ .-ilmgke and ~

Falti WM not vieibb on Utiri& which waa
ccmtnminxted to only a mild ~ The aw
verity of the skin manifwtationa wxs roughly

proportional to the amount of f8110ut olmerved.
The population of the fear ishnd gtwupe and
incidence of the skin Iewons wem X8 follows:

3.2 Sigmc d sympaem

Ih=xa TNX F1uT *W hours ●lter expB81w,
abut 2S pnwnt of the Madxlb in the two
higher expum groupe ex~ itehi~ d

a bumiag ~ion of ths 9kin. A few ●im

mnnplxined of burning of tb - with &h~-
mxtion. l%aaeeymptaru wem-tes
kmr extsnt in tho Americam al~
Atoll Wbo Wetm ●WXH!of the d8ngWr, WA ahei-
ter in ●luminum buikfi~ lmtbed utd ch8a@
&t }ML These p-utiona gmtly rdwrwd
the ua&quent development of akin kions in
thi~ group. The -b m I“tirik the fsrth

ent from the &onation, hxd no arly xkin symp

1

Ouwr c’nm~ r4L&x-T~T9 xs~ * -a ~ ●m
aa9.4-

——--—— ,_______ —--———- ., ——-—- — -———— ——
!

bwb-. .--.-p---- -- Heavy (mowlikel... Extemiv=.
AiUagiM...: . . . . i8 ~ I S . . . . . . ...! .Moderm@ (mdlikr) . ‘ k ●sew.
R-k . . . . . . . . 23 Wbito Amrricum. .; Modersw (mutlike) . . 81igbt.

5 xegrwimerie8&l.
Utirlk.-.. ..... la?.u~ . . . . . . 1 None . . . . . . . . . . . . . . Nonkinhiomor @at&a.

*

. .
d expmed pmw.mnel to K~ja-

.
dical facilit= were avaikidq

pbhad one to two fi~vs ●fter the

kmntami~ of the sttin waa mwn-
menred abed shi~ snd comp}ed aftct ar-
tiai at Kwajxkin.

S&in ?xaminatti were curried out almat

daily during the firvk 11 wdca and then agxin at
6 month 1 A 2 years after the aA&nt. Es

amIn* of unexpced .f~ and native

-d wem also carried out f~compxrutive

e

Cobr photographs snd biopaivn of

~ atxg= of development were

t8km.

4!?

‘ %

$,*

.-——— - -~. ,.,-=. -.-. —-.

tonw. .\ll &n Symptoms whided within 1

to ? days. on arrival of the maiical team on

the Il]nth ~ti-expxmm day, the expuwd per-
sonnel appearvd to be In good health. Tbe

nkin ●ppe8md normal. ]Iowever, evidenre of
cutaneuus radiation injury ●ppmrmi abut 2

weeks ●fter ex!msure when epilation and &in
lesions m-mmenced. F;rythema of the &in ww
not o&rrved either during the early ●xaa]ina-

tionm when a primary erythen~ might be ex-

pected, or lster when a nemmdary erylhema

might be axperd.

.~ fter subsidence of the initial skin syQp-

ton~ further symptollis refembk to the &n

Z?

J..._ ..— —..
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3.3 mcripdollofskia~

331 Gcau Appnm—

Tlw time of ●ppearancw ●d the imverityof
the lmtiom varied with the degree of skin mm-
taminstion in the different growp. ~ %

]ap -p, which ~w~ JJ=t~ ~d~i-
mmtunination of the akin ( accomiing to itiw-

ment msdinga) wem the fink to develop kakma
*nd epilation at dmut 1* to 14 days aftar tha

aaident. They ●lso h-d the @ =vere lesions.
Skin le8ion9 in the kemer ●xpmml .iilinginae

and Rongerik groups developed approximately
one week sfter fhoee in the Ror@ap -p, ad
wem lem WWre and extensive. The Vtirik

group did not develop any kions which -Id
be sttributi to irradiation of the &in. The
incidence of ulcerating ksions in the diflerent

group mflcctd the dative severity of the skin
injury, Twenty pcrrwtt of the Rongelap ~ple

developed u iretmt iv~ lesions while only five per-
cent of the .filinginne and uone of the Ron&rik
ptwpk d~veloped uhwat iv? Imions. YirWy
[wwnt of the Rongelap and .!ilinginse groupn

Ikveloped lwion4 c0mp8md to only forty per-
cent of the Rongvrik group. Them wem mom

lesions ]wr individual in the Rongelap group

than in the .\ilinginae or Rongerik groups .%
(wmpariwm of the incidence ●nd time of appear-

ance of epilation and neck lesions in the two

groups is illustrated graphically in Figure 3.1.

● W dcorriptlomi)f Ieahmmr14QrntoM Mmmti8U-
UIII- otberw~ indicated.

.
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towLbitb-Fo’fti* Neahtiam
]1~~ in I%@ 1+. Axillq k8kM ( %~

11) ~lly ~ of coakci~ ppu~

Antecd4@i ~ k&ms W- C!Mti~ by

~ti of thicb=k phq~ *v-I
i bdia8andone~ developed I&ma in tlw
,
;

anal ~ wh~ tlmugh not ~ were pin-
i f81 dae to exctwhtkn of the epidenni~ K

hdad “qidly.

DCq- ‘ -em IEml m the S=Ip} -4

+: .< ~’- ~ t~-r” They were 4+mr-

#,s by t-mepidemd necroda with wet
t ,18amstmn )eaving weepingt cmiting dcera-

ti~ VdCUhiOn vw ,* bm~ e=ptb
i with fo@ ksii which developed buliae, f~

quently =Teral e: “~ *eM in dismeter. be~th

thickened pi@nuJ. plaque8. Thezu! foot

lesions omurmd on the dorsum of the fwt ●nd

between the - (Only’ one me &owed des-

quam8tion on the soles of the feet. ) .ffter
several days the bullae ruptured snd de@p-

mated leaving raw ulce= .Some of tke
lesion~ Wrticulady of the feet. bcsroe aemmd-
nrily in fwted requiring ●ntibiotics. However,

mout of the laions healed rapidly and new

epitbeliurn covwed the ukwated arean within
n week to lo days. Foot lesions sre illuftlmtd

in Platwi .%10. one enr lesion ( Plates 13-16)

t{h *veral months to heal.
The re]}igmentation of some ckper Iesiona

prvsentti abnormalities. Seek Ieaions oti

developed a dusky. grayisil brown pigmentation
associated wit h a thi~’ken~ “o~n= IXW’””ap
penrance. llistnlogl~ml appearance of elJi-

demmi ~lty was alm notd in the lesions

( w section on histopathol~). In addition,
the deeper lesions of the feet faild to mpig-

nwnt, remaining pink or white. .ft examina-

tion 6 monthn and 1 year after the expoeure, the
skin IIpprwi normal with no residual chmqp

in the vast majority of ca.~. However, some of
thed-~r lesions continued to show evidence of
midual damage. Forvmoat among these waa

the ear l-ion which had healed with consider-

able scarring, atrophy, scaling of the ●pidermis
Uld gromi telangwctmis. By 6 months the hy -

perpigmentati~ and thickening of the skin of
the Iwrk lesions had greatly subsided and by 1

y=r pimatti chans- - mild. Foot
ksionahadtif@’P~t@dstti-~X

invol~ snd aotne strophy of tk akin in
them sfwaa waa ●pparent.

Hiopies wem * of -as nmk d m
●xilhry baii in h WW -p *W

the third to f-h week S* ~- At
t~tjmofmtktim inti W-

~rpi~td stage with Iittls or no ~-

tion. Moot of the biopaiw wem tAen f- in-
dividuda with kuiona of averago mrnty. A
second aeriee of biopsies ( rvqxmtx in thrw ia-
~jividualn) WeIW tikt fNXII *~ -l% 4 *

the seventh W* ●d s ●tthe●ighth X x-
•x~re. l%- wem tak!ti fm thl!IdC WUf

antecubh al f@me. .411 of t- - M

desquamati ●nd the depigmenti fin had re-
pigmented to s dusky. gray mlor with anne
thickenit~ of the &in {-~@” •~

anm ), piatea ‘M and >?. Wofmk were not

taken from ulcerative keione or ftwtn the W

bmauae of the danger of inhrtti. A thi~
*ries of 11 biopies were takem f- tk ~
lap group ●t 6 months along with several con-

t ml bio}~i- from unexpmed nst i- Material
was obtained in many cmm ●d]- to ~it= of
Imevious bi~

.\ll hicq~y wound.. heald rapidly within s
week to 10 days with no .=ondary rompii--
ti(ms.

The mwr{w}pic tindin~ ●m aummarid M

followb :

Firnt aeko--]nf to hth wwk. Epidu&.
Tmrwepidemal damage wan noted with ● few

inttmening arrak ulmwi~ ti ~m~
( I’lata 21 and *2). The epidemnis in the nmaS

extensively involved arew showd mtin~

Atrophy with flattening of the rete pegs and in

pla- the ●pidsmis waa mid tos thic-

of 2 to 3 cell~ ( Plate8 21 ,2% and 24). TIM dla

of the maipighian layer tdwwd p~~

nuclei. pyknoaia and qtoplami~ hah titi

cells and in a few inst.an- multinuckti cek=



I
I

i

wdadtiblhY=mm-
mody n I&d disorganhtiom of t~
~ios ad til hywm was usually PMO-

ent in tk mom extenairedy damaged ●rch
(Plate M). Cells laden with pigment wem

~wtly -t througbut the epidennrn
and intamelhdar pigmcmt w8n noted in some
~ione, 7%s atratw, ~nuiaum wu uadly
●trophic or umm ●bnt. Imperfect keratiniaa-
tion with parakerataia was viaibk in d] =-
tiona The stratum UJQIWWl was koady ribril-

hted ●nd hyperkeratotie.

The anmdea of minimal damage were usually
found in areu where sweat ducts ●pproached
the epidemnin ( Plata W). There was an ●p

parent inmwa= in the number of rolls ●nd mi-
totic @urea slong the nerk of the ducts and

the adjoining am where repel ilt ion W-

underway. In them smaa the stratum granu-
hmum appeared slmaat nmmal in width. In
contmat to the more severely damaged aress
where pigment u-as increased, these stwas of
minimal damage shotwxl an actual decrease,
king almmt f= of pigment.

/)ermu. (Ian- in the demlis wem con-

tined largely to the pars papiilaris and super-

ficial I)ars reticularis ( Plat~ 21-24). Mild

edemn in some (’a- were noted. (’apillary
hops were often indistin(”t and when discer-
nible they frequently wem ●.smriated with an

incnwaxi Ilumber of pericytes. The ●do

thelial cells showed swelling nnd W-WV polygo-

nal in shape. ‘relangi~’tatlc CIN\IIgeS were

noted in th~ srens wh~re the overlying epi -

dernlie sho~ed greatest damage whjch were

●ssociated with :)eriva.svular lymphocytic in-

tiltrxti(m. (’hromutophoms. tillwi with uwla-

nin were I>rominent in the wpdicial (iwmis.

The tine eiastic tibrils running Into the pars pap-
illaris wem often altered or nhemt.

Itittle if any damage was seen below the

su~mwtif’ial purs reticularis. The hair follicles
were tlarrow ~nd in most instancee devoid of

shafts in this region. ‘1’Iwre was son~e telangi-

ectams of the capillaries nnd di ght mononu-

clear rell iutiltrati<m. .Some of the Imge elas-
tic tibem in this region showed sllght swelling

immma~ %~tolRm@e80red-
la#ml iblw was notd.

Swwd acr+ea-7tA d 8tA teteka pwt+w-
POITQWLE*. In genera~ raqmrstim

P lwxnae80ftheepkk41nia halp.uceded?e-pc

forsfew praidmt anmaofatrophy with nW-
rowing of the epkb ad fl~lika &Wm-
growtha of the ntratum malpighii ( Ilata %7).

l’haecha~occmrm dinarmadtb~
narrowing of the @mtum granoknmm. In sub

areaathebl ceilaoftm ahowd i~pig-

mant. Them were many outward epi~
emmsmncm covered by thickenal atntum -
neu~ &ill lady laminated ( P!sta 9S), which

pmbabiy accolmtlxi for b “om~ped” *
pearana of the akin d -y. In ●-

ail inatnnam the bad layer w8a inbct with W
t k or no diaoqpnizatiom There wem s h

acattemd ●reas in which occuicnml epitbelial
cells with pyknotic nuclei ●nd perinuclamr cyte
plasmic halos CXXurred in the malpighian Isyers

( Plate s26). * wem occasional arcadea in
which the epidermis and pmticnlady the
stratum granuloaum ●pparaai to he widened.

These a-xwrmd primarily in relation to am-
t iguous sweat gland ducts where the latter P-

tmted the epidermis. .\ narrow zone of -w
keratosis and amorphous debris was stillp~t

bet ween the stratum granulosum mid the hmtmiy
laminated stratum corneum. The stratum

lucidurn wtuqnot apparent.

[)rmtis. The capillary loops in the dermal

IMIIII ilne were not unifomlly distinct. Pen-

cyt- remalntwi in incrsa.sed nundwr but fewer
Iymphocytm were present. Cmneraliy, tk

was a slighttelangiewtasis of the capillaries in

the pars pap]llaris and the superficial parn re-

ticularig ( Plate 27). Them was -e edema

of the pa= papillans ( Plate ‘25). Scattered
pigment -laden chromat ophores were irmgulari y

distributed in the papillary layer [ Plate M).
In some camw hair shafts in the superficial pus

reticularis were narrow or nlment: in others tb

hair shafts appeared normal. Small hair fol-

licles ( Plate 25) rnnd sweat ducts in some ~

showed mild atrophy.
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I’I..*Tn 6. —Lr*tona 10 days later. Bullac hare broken,

de.sqtdamattovt is rwrnltallt~ romplde, and lcslons ti

brafd. I ~ no I,)ng<r patnfttf.
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I’I.(TK 27. — ( YI@’l, Ifkf?)(Cas, #.f!~J .Varrow rw-

rptdrrmla wtth paptilary rxtvmatnna downward of
rntrnt,dm malpIgh8t. Latfrr urr hramly laden w:fh

mv[fanoltr plqmrnt. .Wtght lrlanyl*claala of par8

paptllar:n and parn rf(trftlarla oj fiermaa. tkraawd

ptqment [adrn rhromalopharea ~n 8U Pcr#csd &rmU.
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A’ptimwlh. The following changes vrem

1 found to varying deg~: feral atrophy of the

1
stratum gmnuloaum: slight fcxwl pigrtwntary

i disturbances in cells of the basal layer; slight to

!

moderate hyperkeratinir.ation: and slight dia-
turbnm in polarity of epitheliai (vlls in the

.> wtill pemistent banal papillary projections.
;
i {kmni.t. In the dermis. telangi=tasis super-
] ticially pmisted fmn M slight to mmlerate de-

gree in most of the aertion~. ~nd contributed the

i
only ●brjormnlity noted.

6

I 3.33 Epilatioa and Nail Pigmenmioa

A’piAztim. The inridenm and t inw of appear-
tin{w of epilation in the variolL~ grou]m is illus-

tratwi in Tribles 3.1 and 3.2, and Figure 3.1.

El}ilntion was tirwt Aerved of the fourteenth

lmmt-e.xlwsur-e day In the Rongelsp gnJup, and
WMWW1lM(later ]n the ~lther grouf~. It was of
a siMMty n~tum :tn{t was fXIIItiIIe{{ ~klmmd entirely

to the head ~~loll. El)ilatic)n wHs (Iivi(ie(l

Nrbitrririly into 3 degrxws of severity. ‘“1 + “’
it)(iic~ted ]{M<of )I}ilr wlt]mut obvious thinning;
.*) + ““ indi{wred I(WS of linir suficient to (muse

t})in sIrn}ts: ant{ ‘*3 + ““ il](lictitw] an exten~ive

epilat]on with bald spots. Table I illustrates

(Ilat then Was a grerrter degree f)f qil~tion in

tlw t+iltlr-en [ t) to 15 years). vritl~ over !M) per-

iwl)t devel(~l)ing e})ilatt{~ll t{) sonw (Iegllw as

compared to OIIly :x Iwrcent itl the ohler age

group. Tlw l]mlx~nthw~n,w of smlp lesions in

the areas ~jf e~)ilatiot] JI)diwtecl tlltit rrr(iiatif}n

from the fallout ni~teria] t)n the skin was l)ri-

marily resIrnmsible f{~r the epilat ion. ( )nly tllwe

rases of nliid el)liatlon devei(qwd in the

.l~linginrw cttildrw, aml quest lmtabie eI)ilati(m

.Vai! t ‘igm~n ttltion. .ln unusual tbrvat ion

was the ●ppearance of ● bluish-brown 1 gmentn.
tion of the fin~wrnaiis which wan tirnt well ~ioru-

mented on the 23rri peat-qrcamm d*y. The dis-
coloration began in the smniltmar ●ma of ttw

fingernails (to ● Ietamr ●xtwrt in the tuensiis ).
and slwead outwanl sometin~ in streaks. .\s

the discolored ●m grew distally the .~lilunar

aren usually became cle8r. l’late Xl shows plx-

mentd bandY in the nails ●t 77 days. .\t six

nmnt hw pigmentation iml grown nut ~lth

the nailw and wan no iongw evident exqrt i)t

three CM.- whi~.)) still showd I)igtnent at t}w

4iiMal eml of the nail. The pigment wan (m

3.4 Therapy



i
Tlw skin lesions oberveti resulted primarily

fronl hetti rwliation frtmt fallout materiai de-
ix~itwi on the mkin. The gantma dtxw to the

skin wa~ wmtli wupamd to the beta d~, ●Id

thus relatively unimimrtant in producing tk

Iesiorm The sununat ion of garnnm nnd bets
rorlt riimt ions to t h? skin is rontidered in ~-

timt 1.3. In general it is evident that skin in-

j~lry was lar~iy produred by materiai in mn-

twt with the skin. T?w totn] surfwe {ioae can-
Ilot he utilrulrited with twurwy but minimal

nrld m~ximai vnlues tit various (iepths in the

skin (OHII be estitnatmi hi<doglcaiiy. Iinir fol-

licle ilt tlte ittww ill whi{”h el}tlttt ion orcurrtd

IItust l~~fe rwwived n dwe In exc~ of the

klmwn nllrlinla] el)il~tirlg doee of about *M) r

ftw L!IK) kv]) X-ray. .Silwe regrowth of hair W-

currwi, the llij~wr Iintit of doee at the depth of

the htilr f~)l I it.le rllust ll{}t have exceeded the Per-

miinent el}liating ti(~ {}f around 7(W r of 2’?W

k’bp X-nly 1:1). Fr{m) this N rough itiea
of sllrfw.e d(H nu+y be Itlnde. .~ dme to the
lI:Ilr f{,llirl* txml])arai)le t{) 44MP71M) r of X-

r:l(lintltjl) ll~ust hnve Inwrl due alnwst er]tlrely

to tlw nttjre Iwlwtrtiflltg beta cfmlponent { a~er-

M~e etwlgy, ti(tt)kev ). Tiwrefore. the minimal
.wlrftrw IiI* ]n Nil fr(~n) ti)]s rv}mponent alone

WIIS i}r(Jmi)iv four to tive tlrrws the (iow at the

itl~ir fl)iiwi;. I. e., r~mghiy 1.611( M,5M) rep.

‘rilew)ft (t)lltixment [ nverage energy, I(M) kev)

(wrltrib~lteti It {v)listtietvtbiv iar~wr silare to tile

wlrfww dtme but with (miy silght !mwrati~m.

3.53 Promctlve FacKors

T}w foilt)win~ fatlf~rs I}rorideti wme protec-

tion :

-- ---
— . ..
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●. .~bit~r. ~ individual who remained

indonrs or umi~r the t= during ttw fallotlt

permi develofwd 1- severe l-ions.
h. Bdihinq. Small children who w~nt wad-

ing in the owan devdoped fewer foot lesions.
.Maat of the .Unericanz. who were nmrv awme
of the danpr of the fallout. took shelt~r in

aluminum buildinm bathed aml changed
(.h~thes and mnsequ~nt Iy devclopaw{ on Iy very

m IId beta hmions.

t“. ( ‘lothiny. .\ ~ingle layer of cotton material
Itfletwi rnlmwt complete pmtion. ●s was
~ltwl~tllwmted }ly the fact that leaion~ developed

:llItN*t entlmly on theex~ pnrtsof the Imdy.

!.54 FaCtrMa Favoring tbe Dcvdopment of

baiona

3.6 Lack of Correlation With Hema-
tological Findings

.\rrKMmw JVFRE J1.iIjE to correlate the wverity

anti extensiveness [If skin lesio~}s w]th hen~ato-

l{~it til)di]l~ for Ili(iividuals in the Ron~lnp

grou~l. S0 Iwsitive correlation was found with

(ieI)rrwion of nny elenlent. Thus. the contami-
nation of the skin apparently did not sig-

nltk.antly contribute to the total-bdy date of
radiation.

3.7 Di9CuSSitm

Tttnt HAS }{mx Iittk prwioux ●xperimnw
wit h mdiat ion dermatit in rwmhing frmn ●s-

pnaure to fallmtt mat~rial from nurhr d#mm-

tirm~ and the geneml romwnNw until thin event.

has kn that tb hazanl fmm fallout matwial

wax negligible. IJmm the pnwnt PXIIWIk-

it is ●violent that following detonat ion of ● large

srale device rloare to thv ground, *ri4w ●x-

pxnlrv of perwnn?l with rvxult ing r841iat14m

l~ioos of the skin may owur fnm~ fallout
material, ●wn at consi(bmbl~ dint nn{- from

the site of detonation. Tl~i~ inci~lent is tlw fi-
example of large nundmw of miiat ion burns of

hums-n bein~- produced by FXIMJNUIT t{) fall-

(mt material. With the I[irmhima and Saga-
saki detonation fallout waN not ● problem rnincv

the bomb wen ~etonated bIgh in the ●ir. Tlw

flash bums of the .Jnl)anerw wem dIIe to ther-

tllal mdiat ion only. -

Follow Itqz the .~lam{gordo atomic lietma-

ti(m. a nunltrer i}f (wtt Ie -zing twar Ik point

l~ha.+es: ( 1 ] .\II initial j)ha~ wllif.h begrIn ●l-

of nr) ervt!wriln with tlrlgling arl(l l~~irnir)g t~f

—. —— .-—.
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tiurw{● thtw&44 WOythema. Ikv. nraiy, das-
quanmtkm wan prndu4wi by 72tltl rep Ml tiw

thutwiil)nwtw nnd bull~n~ w- Aqmmat ion
Wa& /WOt/lMWB6{h~ i?,(xfi} ~) fO tk H- tUl]ll -

nm$-. hyrkiIn develqmi in :1 to 4 day%
ioli(lnwd iat~ by l]igmesitat;tm ●nd ~uama-
tion with hi- Ih hwvary U- llb-

-rvwl with ~hwa of 17,1MR}mp. T)w kiona
!at@r du*uA &q]@nwnlfii t~ttt~m with hymr-

pignwmd A- I●ino *U in tiw -t
ranaw ) .

Wirth ●mi Rnper ( 1{)) imodurd primary
erythenm within 6 hours ●fter expomre to a

time of W55 to IIWI rvp of F radi8tion. Mi-

nute vesiciee with dry, spotty deaquamation

wens noted with 1180 rep at about the tifth to

sixth weeks Poet -expcxmm.

TwPnt y-three .~apanesea tishermen were ●x-
pmad to the same fsilout matmiai which in-
volved tile Marsiutliese nnd .tmericana Them

were many simihtrities in appeamnce of skin

lesions that deveiopeci. Pigmentation was aiao
ronmmn in the ,Jrnpanew and some degree of

vrvthema was reported ( 11 ) which was not seen
in the MNrsiIallese. I)istribution of lesions was
not tlw sanw {iIIeto {iit?emnt parts of the body

Iwing prwtert~d by clothing. For example, in

the .Jwlmlwse +rwip lesions Hmi epilation were

nmre cmnnmn 011 tl~e rrown of the head snnce

iltill~iker(,hiefs wpre Ilsually worn nroul~d the

I]PNI{ h%VIIl~ the cro\vIi eXp.OW%i. Shoes !wo-

tec(wl tlw feet of tile .JNpHIIeW, but iesions of

the I)tin(is betwevn tliumij wtd index Finger wem

(WIIIIIII(III, :lplmr~ntly ~iut to hantiling contami -

tl:ltwi tisli]ng IInes. I.esions with belt line dis-

tribution (Mvurrwi ill ttw Jitptine9e tishermen

but not the !if~rstltiliese. Simiiar rnil(i lesions

}vere okrve~i 011 .severni .\nwriran sailors who

t~~re t~n shii)s of the twsk force exlmsmi to frill -

(nit. Fr(ml ~vailnble irif{mntttiotl. the *verity

HI~{i (XNIW of the Iesiolis in the ,Jnpanese tisher-

nlen Rpiwnrwi to he sllnllar to those wen In the

RoI@ap Mtid]al]ew?@WIJ).

TIIe Iwi(ttis ill this relmrt (lid not follow

l,rw.i-cly tile *nw twulse ns thee het~ m{ii~tlt,ll

lesIoIIs dew’rihw{ hy Kno\vlton. Rohhins, nnd

t)them [ *I()) *II(i they I)rwentd {wrtqin unique

fefitllres whi{’11 merit fllrther diw.u~sion.
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l“tw dy yym@mtu of itchi~ ●nd humiW

of tiw *in ●nd ~ WQWprnimtdy due mainly to
Ain Irmdtstwm k tk Mat mS@Rbl.

Howmw, tlw rhawiral nature of this mattisl
may haw =mtrhtd to thr irntatiun. lt h

ken nod I 12} &t irnttiing Awmirak ap
pJid dui~ ~ rkrtly ●ft- irradhtiom an-
- tk~ of mdiatitm

IIBe + d pilmitk’nw of ●n twythcllm =-
aetabb. prticulsrly in V*U of t!w evmty of
SINU of the hiau4 that &Aopc14L Wilhdmy
{ 1X) aaten that erythem8 only a-m whm tiw
&me mmching the pmpillary Iaycr rsmeda ● tmr-
tain level. Pw+mpe due to the low ●nergy of
the tmta fadiation the b to the &rmis w8a in-
sufficient to evoke the response. On the other
hand. the darknes of the akin and the develop-
ment of hyp@gmentation may have masked
tin twythems. .Microecopically. 8 superficial
hypemrnia was not prominent.

Wirth and Rtiper ( l{)) point out that they

guishing between true erythema mild t~tl~nii)g,

Imrticlllarly in the skin of brrlnette indivi{iuais.

It was unfortunnre that c{dor tiltem were lmt

~v~ilabie to aid in tiistinguishing nn erythemrr

m su~ted by Hnrris ~t d. ~14).

III genertil, the length of tile intent period

lwfore rievelopn)ent of lesions of ti]e skin is rlII)-

s]tlered [(~ bw rwlghlv illlet-wl-y i~rolrnmti~)tlal

t4) the d{w of radititi& ( l,-I. 16). III the l)lw-

lhie to tlie wl(ie slmtrum of betrt etwrgies un(i

Inirt]ttulate tilstrlbutlt~n (,f radiuw.tive nmteriul.

strict w}mpnrlw)tls ~oanlwt be nla{ie with llm -

vi{}lts experience. However. the later devel{)~l-

77w hl~opt~h~l rhan- rwtiat. aurh aa

dgwtrurtiv~ ●nd ~tmphir i.hsngm of t b ~i -
dermi~ diwurimnmi in keratinixation. ●nd

●ttmphy of hrnir foiliek wiwn taken to@iwr

●m consiateut with radiation injury to the Aitl

(t), I* 17. ]s, If), ●nd M)). SevFW injury to

the dermis and bind vedu wan not Anwrvwl.

The minimai dermal injury with nevwe ●pi-
derwmi injury is in keepin~ with the iarge com-
ponent of low energy betmmat?rial pwnt. rQ-
suiting in ●ixmrption of the grenter Inrti{m l}f

the en~rgy in the epidem]iw.
l[ylwrI)i~telltatl~~ll t}f injured areas wari 9

lt~msimwlt tinliing in the .Mamhailae and the

.tnrericnl~ XegrOtw. l’i~ntd Imions wem
Nlso ikrvwi to a leer extmt in the whit~

cular changes (m I)ignwnt aberrations nlight

have been respnnwble. The return ttt near rwr-

the transient nature of t]lls i.hallge. Tlw r[m.

,,. - .,..- -— . ..—.——. .. -—. .. —. —- .- ..- . ..— , ., .—.. —-.
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Tabk 3.3.-Surf~ ~ Required to Produm ~a E@&rmal Injury

AWasum
Ivv8wno&n3s ANtMbL Imnon m&l,T Ilrwba b (mm

.. -— —. ...— .—— — -—. — .—— .

Henahaw, et al (22) Rutn P (J.5 1,500-4. OUO
Rspr ●nd Barrwu (23) RN-Y F 0. s 4, Ooo
Rapr snrt Barn_ (23) Mie F u. 5 2500
Snider ●nd !@wr [24) Mice F 0.5 2, 500
%prr and Ikrnra {23) Rsbbita t= 0. 5 5, 000
I,ushbauah (251 Sheep W@ o. 3 2.<500-5, 000
!$Ion(x amt Hrnriq, wa (28) t’ign w (). 05 20, OW-30, Oot
Montz and HmIriq.I- (29) Pim GP 0.01 4.000-5.000
\lonts snd Hrunqww (26) Plan ( .*la7 (J. 2 2, ollo-3, 000
Jlontz nt)d Henriqum (28) Yiw s+ iJ3 1, .SOW2.000
M,mts and H+,nnquw 129) t’iam yu u. 5 1.500-2, {w
\lt)rltz mId Hennqtlcw (26) Pign yn 0. 7 l, Wt&2, (m)o

tioeesof wllole-brxiy ntdi~tion, the defenses

n~ins( infection I[light ti~ve been sufficiently

in)puirwl to Ilave twsultwi In seritms crm]piica -

tions from skill lesitms of the severity encoun-

tered.

.Severe rwliatmn injury is known to ptwdis-

lMwe to canver. The prohsbility I)f t I)e dwehjp-
nwtlt of nmiignunri- nt tile site of healed ie-
sioll+ is unknown. (’ertnill fm.tfm+ ni)penr to

(lW’. we tlw prohnhiiity : ( N) Tlw majority of

tlw lesions were suiwrtici~i. ( b) Visib]e si~

of chronic rnditititin dermatitis tire al~nt in

I
i
i

1



tbwatmmjuityof~ sat+t-ha~b=
kmn#8nar8NytxbI=d * to tiw *+

-dr9d*r8aIe8r. (t’) ‘n9mIarkofany

muu ht~I ~ 6 loowths ●fteres-

piei-d m@r. [d) *H)OW*
Qlmdi8tian lmckia&qNmOiMo* *
*N.*-- R~k
~ m Of !,lMOMBdividl&qJuwd to low

x x-my &r &rMt&gkl mnMtit-

~ @P~ “ ewvinomm 5 to * ~m
sfter trtmt~ (n). (e) Furthermore epi-
theiiamta mmiy develop ●fter ● single &
of radiation to the skin ( 12). (f) batly the

incidmwe of akin canmw in Negmms is on+nixth
to one-ninth the incidence in (’mwasians (‘M)
in the [united .Sta&

(Xher fmttotw make the outlook lam favor-

able: [ ● ) IkePer lesions of the feet snd neck

cent inued to show pigment abemtiona ●nd
slight ●trophy at 1 year, and one mMWrPear

lesion show~j marked atrophy ●nd scarring
mt this time. (b) It is not known whether or
not radiation of the ●pidermis pm Uecm predis-

IW to maii~ant chal~. Sint~ the epi&rmi8
was heavily irradiatd in th- eases. compared
to the demii~ this becomes an important con-
sidemt ion. (c) Simw many children ●nd
young adults were involved, the life expectancy
of u lnrge nundmr of the individuals will emxd

the I(NIK induction period for the development

of radiutiotl cancer ohservwi in radiologists.

(~! ) Hxposure to tropid sunlight, potentially
~vtrcin~nic in itself, may increase the ptmba-

bility of neopiastic cl~ange. [e) The influence
of the sublethal whole-body exposure received
by the Iwople cm induction of skin cancer is

not known.

The occurrence of epilation 2 to 3 weeks after
expwure corresponds roughly to the time of

tippearantw of epilati~ in the .Japan~ ex~
togamms ,radiation at l{iroehima and Nagasaki

(’29, W)). Sin(v the grvater amount of epila-

tion occurred over a period of II week to 10 days

then was apparently no phnsic rwqmn~ de-

pendent nn the growth cycle of the follicles ( in-

art ivp, or tej~n and active, or anagen follicles)

as has been reported (31, 32).

T&e -h of kir, imghm~ almat 8

WQJ@ka●ftar ~ in tiw ~k. w-
•taktttk~ti~mtiin tkJ~

ilnbmsan {ll)*andal*ty lat@rtktbrtk
of~b{tlto~m+}~iati Jop-
-*~&rnh*M tmtb

-Annapm-rntkm
ilmdiatd an d “k Mhuam, tb *
no pigment a&rr8tiam in the IKIWbir, WM

‘$=oblwm4to bofnorlual testare Aalm-
danrv ●t 6 ntcmtlm. 1~ gmying haa h

_ in animda {.%=) but ~ not b
seen in human hei~ Seitkr was th any
●ppearance of dmrk hair in aged individual
who ●lmdy had gray hsir an haa been reported

in human beings (,%?.S?. ●nd ,38). In theJaP-

na Ia-nnb caaualtiea ( 30) ●nd tk Japanem
fiahmnen ( [ 1) the new hair was Sk normal in
color, text um, and ●bandanca

The nature of the bluish-brown transverm

bands of pigtnentatiou thst dewelopad bexmth

the nails is not known. Sinm it occurred in
the majority of the mom h~sily ●x~ Mar-
shalimm groupR and in s11 5 of the American
SqpYm but none of the white .bnericans, it

nppeared to be a mmpomm peculiar to dark-
ski nned ram The phenomenon WM appar-
ent Iy pmduml by gamma radiation with ● dcm-
n~ as low as 75 r sinew this was the estimatmi
dow that the .inwncan Segtxws received in the

nhnvnce of significant contamination of the
hands. Sutton (39 ) has repo~ed ● c- of 8imi -
Inr tin~rnnil pigmentation which developed in

it IIVgrPW, following I.W r of wft .X-irradiation

t{) the hanch

3.8 Summary

FOLIXWIWJ THE I~NA~(,M of a themonucjmr
devwe significant amounts of visible radioactive

n)aterial were deposited oli inbabiti atolls pro-

ducing skin )tmiolts, whole-body radiation in-

jury rnnd some intrrnal de~ition of radionu-
elides. TbQ skin lesions in the mom heavily
rontaminatwl groups wem characteriti by

itrl~in~ and burning of the skin for ZHM bourn.
klpilat Ion and skin lesions wem o&Mwed, be-



me “ ***a*s**
~y&M8vam--* fdt-
- ~dtha4R-
Abuabam-hd* %?--7
-9mdqaqdwlmmwm~d -R-

~_y---’-=”*A= LB * :+-66 as:A-:
kwmtmkahak aaardnkpapmkand -~

* ‘l’bkim~~=t~
Pq-df-dtb My-P--b
AA- ●nd mwarred mlly in the fdowi~
ardm: mip {with apilation). nd, ●xilk
anttital f~ fcwt, Iimk ●nd trmnk Epi-
istirm and hiocra of tha a+. nack ●d fod

(domal am-face)wer9 tha - ~.

majority of ksii went tmp%licisi without
makk formation. ●nd aftar aimpb d~ dqua-
mation heated and repigtnented. .4pproxi-
mately 20 perrent of the pwple in the highest
●xpoatm group ti~vrloped tiqwr kiotm usu-
●lly occurring on the feet or neck and charac-
t-iaed by wet dtwqnarnnt ion with ulceration.
Miid humirtg, itching, and pain m-cotnpanied

the kwionu The msjtity heated rapidly with
non-speci% therapy. Rcaidual pigment ●bar-
rat ions consist ing of hyperpigment at ion ●nd
lack of mpigmentation rtnti mihi atrophic
rlmngmt were ntttmi in some kper healed icoiona

nt six months anti one year. Regrowth of hair,
nornml in color ami textutv, began about 9 weeks
lwst -exlmwum nn(i was complete at 6 montiut.

i{iopsies of typiral lesions & 3 to 6 WAS showtxi

rhan~ consistent with radiation dnmage with

marked eljidermal tiamaW and much le~~ severe
demml damage. Riopweti at 6 months showed
only n f~w residual changea. The nnil diacolora-

t iou had “gTOUn out- mmpletelv nt 6 months in

*II
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MwK-. (1. S1.,(’lpoltaru. .t. (’., ad Mcmt~.
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th~ skin. Fourth edlthm. ha amt Fe4i~, Ptdta-
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4.0

F@UJw ma mm ~ ~non of a nurbr kvke

at thr Pacific I%mlW (}mund In the sprt~ of
1* * .~ and * Mmshalk w@lw

.- t- fdti .AktiOsW %fiy-f~r ~

tk M*mhalk ml RnngAp Scdl ({iroup 1 )
mid ●n -imated 173 r. of gamma radiation
ax measumd in air: lM Mnmlialh on .\iling-

i- atoll (~;wlp 11 ) ~lv~ ~ ‘“: ‘W .t&-
raiw on Rongerik atoll (Wwup 111 ) mwived T!i

r.: ●nd IS7 Mrnrshalle on [-tirik ntoll (Group

Iv) rweived !4 r. Iktailed history of the

went. as well as clinical HIMI internnl contamina-

tion findings are reported rqwtiwly in (’hap
ters I, II and V. This rhapter prwents the

hemntological tindin~ in the expwed individ-

uals during the first 11 weeks. at 6 months, and
:tt 12 nmnths after expamm.

Since it is gmwrally ngreed that the degree

of change in the formwi elements of the Mood

is the most useful rlinical index of the seferity

of radiation dama~, peripheral hlMMl changes
were relied upon as n major aid in evaluating

the (iemee of rndinti{ln injury in wwh exposed

individlial. in a{ldition. cl~angm in the mean

hbod counts of the exposed groups were fol-

10NXX1closely to aid in evaluating the changing

status and .proh~h]e pr{)gnosis of the expoeed

grolll)=. Thereiore. emphasis was plami on

stantinr~lized syslel~lntir wrial determinations

in order that in{{ividual nnti grotll~ (rw]tis could

be evslunted tuieqllntely. SinOe it was neces-

s*ry rO observe :Iw htrge nllmber of expowl

intiivifillals Rt frequent intervuls, lt~e number

of different pmcwiures that could he done was

necessarily limitwi. l)eterminatims Wnpioywi

~vpre c)IIJseIi {m the bnsis of known clinical value,

HI){l WI* nnd mpidity with wllirh they could be

three reiitii]ly ul](ier tield l~iboratory ~wnditi~n~.

.~ccordingly tt)tigulllti{~ll ~n(i ili~henli~al

studies were on]itted.

.in extensive literature exists 011 the henia-

tf>lt~gi{. efferts of ritiiititl~m. Thew (Itita. timi the



4.3 Hcmatological Findings, General
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U3 E~CtYt OF 10NIZIAd RADIATION

i

rsdmd. ‘l’ha mutt waa m8intsined ●t 8p-

pmximctely 75 pmwnt of mntrol values from
the ?th ti to the A of the initial study.
NO hther recovery waa evident t 6 n! nths.

.*}tiWqh both age ~pa fO]]OWd the same

-l Ii- pttern of reqmnm, the lower *

-P WR* ~~JW that of t~ ol&r throu@o~t
M of the ohmrvation period. .ft 12 months

the granulates had mtunwd to the control

mm

The Audute lymphocyte rount of the older

w gT’OUp (Fig. 4.2) had fallen by the .3d day
to ● value approximately 5!’ percent of the
control glwup. Thirn value wan maintained
thrwugll.,ut the study, and them was no ddinite
widenm of nn upward trend during the initial
or 6 nmnt h wwi itw. .\t 12 month~ complet~

revmwry hnd not mxwrmd. The VRIU- for the

younger ~~ g~mp Iikmvisr fell twfore the M

day to a vIIlue ~pprwitl)ntvly ~:) pement of the

control, following whi(’11 tlwre WNS a siglliticant

Ulm-ard trwd. JYith tlIe total lymphocyte

cOUllt. t Il?re Is a mmsistent (1itlw-emw ~tween

the two n~ grutllw. Il(nvever, during th~ first

4 wweks tlw IIitferwwe is wmmtunted when ex-

prl%sed ns lwrl”ellt (im’twliw Iw’all* of the rela-

tively high Iynll)hrmyte ievels in the lower nge

rontn}i gI-Ot Ip. .\ fter this perimi the differenm

eKIItwwvi MS Iwlwwt RW ies+ ninrkwi sillcw re -

0, I

i% ! i ;--.!%i——UI

covery was nwre rapid in the yamger ●ge

group.

The cellular eiements chiefly msponsibie for

the fiuctuatious in total white blood cell rount
can be determilmi by comparing the totni white,

mutrophiie ~nil iymphcqte counts ( Fig. 4.3).
ft is WWVIrh~t the iymphoryte count remained

ewwitlniiy wmstant througimut the period of
stll{iy, wi]iie the totni neutrophil~ count fluctu-

tittii Jvith N pattern msentialiy identicai to that

of the t{~tal white biorni count ( cm%cient of

(wrmintlon of 11.!l). ThIIs the fluctuations in

totjll (.fl~lilt werv (iIIe to thanges in the neut-

Ilill l+’ (’l)lillt. TIIIS WIIS true of both the eider

[111(Iyounger Nge grolllw. lt {wn he *n fmm

Ttthie 4.2 that the neut r(]l)hlie count waa con-

>Istetltiv Krvater riIa II tile Iynlpim”yte rount in

the eider tige group. In the younger gmu~

(iiffere!lt.w in the neutrophile ttilti lymphocyte

counr were Iesx marked Mmi frequently the ,

lyIIIl)iMMytr ci)tltlt WMS grenter ti~an the n*utro-

Ilhiit= (Oollnt

Plutelets were tirw counted 1~1days ●fter ex-

IMmlll?. at w-hit.tl tlnw ]~l~teiet vaium of the

fenlni- m~m rnly~r~~~lnutt~iy WI IWfxwnt of tlw ~

;tl~l~n}llrlrnte ~YOIItr(~l grnup { Fig, +.+ ). Foih)w-

.

,
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ing thi~ the platelet count fell reaching a low A
of approximately .30 percent of cent rol value I r

(luring the .tth week. The platelet count rose
-A. w<mt

a ~- --- — “ T -+ --

during the Sth and 6th weeks and reached the
value not.mi for the initial counts on the lMh

day. .* -end decrense in the platelet count
ra-4-””’-’-

(p<~LOl) developed during the 7th and 8th % xn~ . . . t + . T +
wee&~ and value remained at ●pproximately

70 percent of the control gcwups during the m-

remainder of the initial observation period. So

additional recovery had occtlrred by the 6th
month. .\t 12 months the counts w-em higher
but still below the control r nge. The pattern
(If plat,eiet counts in the nla]e groups was re-

markably similar to thnt noted for the females.

( ‘ounts of the lower age group, males. were

(wnsiatently higher than thnse of the a(iuh
group in ~tmolute counts: but ct)llsi~pntly lower
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Gfo8p IL rmgo ht plstebtu ●nd Iymphoc* mnmkd
~- but higher tbm at 6 monti

d] eiew4ent8 in
WwuP 11- aumntidly ititical to that of

4.33 ~F~GmqIV. Udrik

Gfoa@44mver,thede&ofchmlgewa-
u marked ( Tabb 4.3). As with Gmap 1, rtmv- Sinca it was known that G- IV hd *

q d d: elmnmta me inmmplete d 6 months. ceived 8 very end dom of rdiation cmnpamd

At 19 mon4b gmndocp wem in the control to the adwr expcmm gmu~ lam fmqaent de

P. E. Lhy. . . .

8 . . . . . . . . . . . . . . . . .
7. . . . . . .
10. . . .
12. . . . . . . . . . . .

I I , I
1,

1 Au

~:
6.0 7.0 so 5.0 ; 28 22
5.5 as . . . . . . ---
aa 7,3 4.2 4.2 1.9 22
&a 7.6 1.s 4.7 ! al 22

ls. . 7.1 7.0’ 23 4.5 I 4.2 Z2
ID. I &878 :29&0’ X52 4
m.. . U.9 %7; &s 5.4 27 29

8.4 7.0{ 4,8 4.4 i 32 2224.
m.. i 9.6 !3.6 5.3 6.2 ~ 2.7 20
3a. 7.7 7.8 3.3 5.2 35 22

<10
(84)

----

ii”s
%: o
27.5
=5
Xlo
19.5
24.0

>10 w

(M) (P)

----
&-e x19

. . . .
Xii 24.6
*L7 249
17.0 229
la 8 17.4
128 l&2
15.s 227

I

<b >5 ; <5 >5

0.8 1.6; 415 114

<g 2“1 i ;6 ii

X4 !kU 4.4 26
17 26[ 23 1.4
2s 1.5! 12 23
1.5 24 5.8 24
23 24 Q6 1.6
1.9 1.91 4.1 20
28 22’ ao 1.9
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51 8.4 6.3 3.8 3.6 4.0 22 320 l&2 25.027 28
54

22 1:0
4.6 6.3’ 28 3.5 3.2 25 ‘37.0 19.8 228 1.5 1.9 1.8 0.8
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Table 4.4.4rQup IV Uuirik - Blood Clmnc by Day d by Age

P F:. my <5 >5 <5 >5
AU

<5 >5 <10 >10 .4uen <5 >5 <5 >5
(M) (M) (F)

4 94 R2474.2
14 1(10 A6 4.1 3.2
1!4
“m l(ti~; 4!t,5N
(“1*111* (;nmp \ 132!47 4! 448

4.9 X2 0.6 0.2 20 1.2
5.1 29 4.9 42 Sa 27

3a Y’iull 356
4R32 34s 2%6 317 2217 31 20

7441 41225 S365 2t12~~ !)5 4.7
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lmxAlwAM=

mtmitbma--adf-tb pa+-
Intkplmarti5~paptbt*d Wbh
Med2+lxd*r+ih~~e

Xh@cty w ~ v@lm12&+g$% ik ●ti

M + (Tabie4. \). The &nqBJz=.*~@
We8Wbe&wCWa@9iti CaMd@Qtly,4 tllo
tot81WhitemDuDtqltit~~ ~~~+
bind on day 29 wn due to ● -ruphilic
leukocytok

Pia@d cuunts on the “~h dny WQmaignifi-
cxntly lower than on the lflth day an& @xcapt
for the older age mak WQI’G~w~r than CWtRJi

VBIMS. Thr 28th day roincidea with the time

of maximum depmion for the more hexvily
●xposed gmupa.

4.34 Wmamk@d Fid~ Group Ml
(A ~)

The neutrophile rount in ~neral retlw-ted the
time roume of the total leukocyte count ( Fig.

4.5 ). Seut rvphiles ticcounted nlmost entirely

for the marked rise in total count (n post-
expaure tiay on% rnnd the vnlues for titmoluta

neutrophile rount fluctuated near the control

~ [===---
- ~elcanm

‘oa*m
1

e-w-RJ-2AL :
Ftau- 4.~ 8 totoi W-e, aeutre+k 094

lpuoP&Iw#e count h e-d A~ (m If]).

valuag the~fter in the coo- of tb ~~.

The lymphocyte counts fell to heiow control
levels in the tirst few dmy% and remained at G
level Approximately 75 perrent of the ccmtrd
value throughout m- of the remainder of tho

obmrvat ion period.

In (iroups 1 and 11 the fluctuations in the

t~~tal le~~korytp mmnt were ncmunted for nlm-

Tab& 4.5.-Group 111 Americma Meaa BlomJCount bymy

P l!. DAI

.- —.—.—. –.-. --..—-———————-—-

1 . . 96
8. . “-”..: 66
9. 6.2
10. . 6.3
Il. 6.2
12 . . . . 6.0
13 . . . . . . . . . . . . 6. 1
15 . . . . . . . . 6. I
16 . . . . u. 1
19. 7.9
23 6.7
28 72
:}3 6.7
:!!4 6.0
43 76
47 78
51 57

tiwq- .knlrrwsfl ( “IJtllnk 78

6.1
4.3
4 ()
3. n
3.9
3.7
3.:
3.8
4.7
4.8
42
4. 1
4. I
:1.8
44
4 t)
X2

41

—.— —— .— _—.—

-e—— -

3.3
2. I
2 0
2.2
21
21
Zt
20
29
27
21
25
2.2
27
2!4
:1. I
22

—.

PL.4T8L8W
!1 I@)

-——

“220

222

17.9
14.4
16 I
20 1
21 R
W2
IR n

3. 1 n. 8

MOSMM’VT88
1s Km

- .—-- —

0. I
], (J
2.0
22
Iu
15
17
17
2.8
2.4
1.6
20
1.N
14
14
27
24

26

Em!lll.
mmla
IIm

1.6
0.5
0.4
0.3
0.5
0.7
1.2
1.3
25
21
1.4
21
2.2
15
2 4)
Is
17
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Fmm Table 4.9 it is mat that tha mm ~mono=
cyte munt for (kmp I rme dmuptly from ●n
early value below control Ievela to a ll”?ll-defined

peak on day 1’4 following which it fluctuated ●t
values below the control level for the duration
of the Obeervstion period. .i simi18r time tmd
waB noted in (koufi 11 and 111.

Tab& 4.7.-GrouP 11 Ailinuioac b Bkmd

Couotx ar Tti- of Maxi&un ~

w~TlmD5
_—. .— ——.—..——— —__-.——

lW. B,C : ~~1 ‘“-e lL~~*’
c- so (Avm I ~A~

philn

from DV ~~ my ;;:Ty
(Awrwr

~ Wmsll fgro D#
mImml sk. 511

———— ——— ——. — ———

6 : 9.:50 215 3, 470 5. two
8 8, w 185 3, 5m 4, :150

44 4, 570 Iml 2, 350 : 2, 070

.4P 6 t.a 15

48 6.220 210 2, 970 3, 150
53 6, 170 240 3, 700 2, 500
81 4. W(J 240 2, 320 2.150

.@ Greater Thsn 15

I 6, 170 175 3, 570 2, :170
16 4, 670 195 2, 200 2, 270
28 6, 270 I 15 3. im 2.270
29 6, 750 115 4, 100 2, 220
31 5, 650 I45 2, !,,W .2,450

+1 5, 120 110 3. 054) 2, 270
43 n, 1.50 215 :{. 7(MJ 2. lmo
45 5.650 Iwl 4, 170 1, 4:6)
a 7, 050 95 .{, !470 2, w)
51 7, 7M 1w 4, 620 2. W)
5!4 I 2. UNJ 105 8. 12U :{, n;(l

70 5. 4)70 1s5 :{. tMml 1, :.s0

s

s

4

( p>ll{)l ) and mnained ut a vnlua approxi-

mately 15 pmmt of rontrol Throughout tk

remainder of the study. The time trend Of N-

spons vrxs ~intilar in the younger age individ-

unl~ howwr chan~ In the youner n~ group

w-em relatively grenter i f wilsidem] in temm

of the control vnlues. .<inli]nr twn(i< in

eosinq)hile count were IVX evi<lent in other ex -

]Mhlii’w gl’f)ups.

lt is Imsit)le ttlat the rise in ewinold~ilw

repre+wts that iqMmted by .Minot and Spurling

( 11) ss4n.vllrring ●*———t w tO th m wedw a ftw

short wavelength irradint ion””.

436 Hemaaxrit, All Group
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4.37 Morphology of Peripheml Blood (Iepnwinu of (vllular elements wew pmmt

between rl)il~{ren and adults In Tnble 4.9, the

nwwn vnlm+ of the neutrophile. lymphocyte ●nd

I)lntelet rfmnts ~t time of peak depmsion for
wu.h elenwlit wre given in ternw of stwoiut~
tvl~lnt Nm I 1xmwmt of appropriate rent rol valu9

( nwnn l)ltttelet ronnts 41vem cnlculmted for the

lPW~tl)~n :1 mId greater thnn 5 qce gmvtp for
tlils (vmllmrism ).

Iwlttitoiogy”slitle=, .Sllllll:lr iliflerpli{.~ of fq}il\-

l~m nrv tvlM@wl III tlte litcrt4tllrv.
Tabk 4.9. -Computi by Age d Mesa Neu=

phile. Lymph-e 8cId Plarekt Coaots in

4,38 Comparison of I-lemmological Findings in
GrotAp 1 (Rongelap) at the time of Peak

Chikireo and Adulm Group 1.
hpression

..— --- -..
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tzEu3m!.
It is -n that in temts of hcdute count% the

c-hildmn showd s grexter depremion of the
lymphocyte wmnt. ~IpresA as perrent of

control. nll ●lements werv tiffected mom msrk-
edly in the younger tigv group. These remllta
would indicate that rl)ildren are more wmsitive

tt~ mdiation, or that other biological or physi-
i’al factom resulted in a rehtidy gr=t - eff@-

(he physiral ronsidemtim that n~ay have ac-

rolinted in l)art for tlw apparently greater doee
received by the ehildlvn involves a considera-

tion of Ibe di.str; lmtion in the body. W=cause

of their relati~ely wlull diwneter, the d- rel-

twivwl nt ttw center of the body of a child would

he greater than for 1111:i(l~llt expmed to the

same d(~ N5 measured free in ~ir.

4.4 IXscwssiOn

4.41 Gtocrai

dividttala have h ~iblq ●nd th- thay -

prim the mmt complete Ma svsihblemt hmnut
beings ex~ in the high sublethal rsngm It
is also of importmwe, thereforeto-mi~ t~

present results in conjunction with s expari-
- in ●n e~ort to gain a lwtter wdemtuding
of the hematoiogicnl mqmnm of human beingm
●xpomi to penetrating mdiation in tha A-
ieth: 1 ~.

in the following di=umion it will be P

●lly ammned that the hematoiogical effects
noted were due primarily to the pnehting

gwunw radistion mwived. The het~ dktion

injury of the akin may have contributed to
fh-tuationa in the white wmnt durin; the pe-

\

\

\



%nw Wetmcwufor d counts;rtgidy ~ tecbdquw ttuulglmlt, ●tc.

wch thd they my not have rmmivd sigdl-

ant Qxposum. lfe~ whib the. pottern of
chmge with rqxct to tima ia of ml% ●l-nmlute
rounts probably ●cw high. The timm course of

hematokgkal change in the peopb of (hmp I

corrtqmnd mo@ clody with thmm low expamta
Japm group in which definite B&S of

=WW radiation expoeure were pmmit in ~

individual but in which -tklly no mor-
tality nreurred (initial hun8to/qk-81 xtti
m tlw .lapatwsP terminated ●t M *). W

-rly - up to qzpmxim8tdy C + w-

Ch8mrtm%Ui by mUWi&A& vui8tm :a trd

UhItP ~rnnt m hnth (h (;roup I sad J~

I
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raaualt iea. This flm-tuat ion may h ~iated
with the pmzwnce of thermal or other . Ijuriee

in the Japaneae or the ●ctive akin Jeaiona in the

!Uarahalk. or may wwmtpond to the “abmtive
rise’” noted for ●nimals following expranme

( 14, 15). From the Rth week until tlw termi-
nation of the acute atudiea on the Marahmll~

during tlw l(Mh week the Japaneee ●nd
.Mnrshalktm munts renmined at similar Ievela.

The neutmphile count in both the ,Japanam
tint{ Mnrshal Jem in gwwral pmmllcled the total
white count. The lymphocyte munt in both
grnupe was depreswd early and t-wnnind &

pmswd at value9 of approximately Yxk) until
\v4 1(). The high value of L!W reportai for
the .Inpnnew ftm weeks 12 to 15 must be .ma-

pect ed of being high for the masons given

earlier.

Variow charncteristim of the ,Japnn~

hemrntologicnl trends should be pointed out: a)
while high dmw expwure gruups with signiti-

cnnt mortality shovrd MI)ewly del}ression with
n Atinite low pmnt at 4 week% the lower dam

~mps showwl no detinite minimum at 4 s~ks

hut rat her a rent inwd dqwewmn untilthe iuh

w *h ~-ks. b ) While mean lwlkm.yte rountti

of the heavily ex~ ~mps had mwvwwd in

part and were ●ppmmrhinu mmunl ram

Jol:lxo .U s

these ~ 15 wda ●fter expomarw were -ill
bdow mna for control popuMoaa Mad iD

TnbJe 4.11. In ~ data of Kikuchi and
Wakiaaka ( !22, ●M) indieata that heeMto@ir

m’ove~ waa not coalple4e 2 yearn 8ft@r ex-
posure. The *udie8 of them ●utk ~

formed independently of the Joint C’ommiimion
and .Wmic Hotnb ( ‘aatmlt y ( ‘ommimion, sug-
~ the early Mood msponm and proicmged

recovery of the ,Japan~ was similar to that
reportal here for the Mnmhalla.

The prawnt timiings in ttw Mamhallaw am
in accord with these characterlstim, nsmely

a } total white rell nnd neutrophile coanta

sltowwl no detinit~ minimum at 4 wda as ●vi-

denced in .Japmnese groulw .\ to I_), but rat)wr

fluctuated during the timt weeks with minimum

IJWaII rounts Ocrurring in the 6th week or later,

b) neut rophile counts wmv unstable ovm the

timt b weeks%●nd recovery to control Ieds was

not complete by the 6th month, c ) lymphcqte

vounts mnained (iopmwmi throughout tk F

riod of oimervstion.

f’ladet data in the .Ja~~antw am not muS-

{“iat to nllow mfm ttmn rmlgh f!ualitativ~

{“tmi~mriwma. Thut M uuf{)munat- sincv dmn~

Ill pl)ltdPt {“fNlllt* in rlw ~~}t dudti ●p

I
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Although in the k ~hmcm ( 18) ●nd Ar-
prw ●ccidents ( 19) the type of radiation
aud t iw conditions of expoau~ were markedly

difktwnt from either the Japanese or the (kmp
I situdion% a large component of ptmtmting
gamma and neutrtm radiation wan mreivai and
thux attempts at cornpariaon may be of vshxe.
.Socne tindin~ in the hetnatoiogical rqmruma

am pointed out: ● ) ● uniform early riaa in
w~iite and neutrophik counts over the finx few
day% similar to that sewn early in the .fmerican
group was observed uniformly.” b) of thw
high-expmum but non-lethal ca~ the total

wilite RI](I kukq-te counts continued to show

wme degree of ~bl)rwwion into the 7th w-k or

beyond. c) the lymphocyte COINIM in individ-

uals expcawd to RS little w M) rem sliowd fIn

initinl marked dqmwion. In mmt raam the

Iyrnphoryte lwunts mnained at low levels

throu~imut the Iwrimi of .hervation. d } plate-

let rwunts were done hy a fiifferent method. and

shwdut~ counts me tiwrefore not comparable.

IIowover. of tiw three hiKh Am survivo~

tinws f)f I])mximl]tjl (iepressiott wem not inmm-

sistent with the vnlue of :M~(inys obtainwi in the

prwmt stndi~. 1II higher (I<w non- survive-

Imwevw, tiw piat~iet {w!lnts Itad reached mini-

mum valuem as early as thr ~h ~iay.
.——

●X*$rwaotn m- la&a fm l;n~ 1 and II dwiag
1* X n h)um

TIw Aqpmbbmtery ae&dam$ (19)&
Told fou indhkbb Wimwwwdmatdtu
havQtwmivwdl~MtT,a)amd9~~
tidy. Tha61M#ht@ i8t$atww~elspd
indiv~ingumrdwwe~ Wi$b

thaaimtb~dwly. AninitM~
phiik Idv@ema “ mfumMd~ktmthn8
imtdd~with lowmkscmatintirtg *

t!mith - Ramvery wa8ecmpbtEby
the-wok ‘I%alym@umyt8&qsmdtmw
rapid Mdtnati NXovWyvrmnot evidantby
the Mth weak. Minim-m vahrs for tk pl-
let manta - *ined bakwaamttm 25th ad
31- day.

(’ompgriaon with A&d W The timn

tranda ●nd entity of poripharal blood e

changw fdkwing t~d body mdiatiat in ani-
maia haa b examined cnticdly mammtly ( 15).
and the following general conchmiom -
pn!aented.

● ) An initial rise in total white count (re-
flected in the neutmphile mnat~t) may amlr.

Thereafter the magnitmde of depreuIiwt of tln
totai white and neat~hile count% and within
limits their duration are a function of radia-
t ion d-. .1 mmnda~ or nbmtive rim in tb
totnl wkite count (mfleeted in the neutrophile
or iymphoqte munt ) may omur, foilowd by ●

smond decreane. l’herw is little species differ-
enm in the mte of &p-ion of the totai white

or neutrophik count at conqmmbk dome: how-

ever. the rate of recovery i+nd time for complete
rwmverv is quite diffemmt in various species.
SItl;ill xnimalg ( mcm~, rat, hsmster) show rela-

t ively (wml}lete recovery to control leveh ●ven

nt claws in the lethxl rfinge, by the end of the

.-~th ~=k or wtri ier. Data on dogs are itmda-
qu~te to indicate wl)en mcov~ry is complete:

however. return to control ieveis at high dam
levels i)tisnot CUTumwi by the Mh week. Swine
rvquire !) to 1,; or more week~ for rompkte

rwovery.

b) The reqmnsm of Iynlphwytes is exwntially

identical in all animal spciea. I)epresaion can

b ~iettied within a f~w hou~ and MCOV-

frum tiw minimum val- ( aciii~md in -36 to 48
iMMJml requimx h- than (ima twutrophik

m-wery. l.yn~phcwyt~ fall ttI wry low kveia
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aotiudthbwbheumg4~-
@kmhmhiaBdl~JIIllg
~rnm
pu8emh9w—x9MimAp “ Wit$amw

N&tin&
e)~~kmk~ mat

~yrndqa(flo). Aswitblu-+%
tkmpidityadm~d~ iss
fbl#bmef*kai- thsbthd-tP Mui-
mam*-ba!cwn bythDtim MM&y
WithdmaintbahighbtbalMge+&tbl -

taDIMh&y atamkMallmek I&e4wuyb
@udmringtka3 d+kianotcanpb@b
theaday wkealmatatudin havelmenti-
n8&ld. 1~ data ●re srailabk to iadi-
* tke timm required * ampbto ~.

0maMa19bb evidenm inchding tika i9
themOtna ting8pb9ic haqeWa+ind=ad
Imcterial in fectiam and ~ i“~
have indicated that critical neutrophib hb
ex~ How which survival m correlated with
the dxadute ne9trophile count Mowing whob
body irradihow (15). From &ta on ~ it
●ppearu that aowiml is likely un~ neut-
pbik coanta twmain blow l&O cdb for s

period of ti-.
Platelet data on dogs indicate that ●id

with external porpura hare plateld countx of
50,CNKlor below.

S@cient data on ia~ animala ●m * u
yet ●vailabie to quantify the extent of maxi-
mum depmvwion of ●ither the neutmphiie or

piatebt munts as a furmtinn of doee in the sub
lethal range. The reqome of the platelet count
in the pnsent study was much baa subject to

fluctuation than were the neutrophile or lym-

phocyte counts. For the preceding ~

9yutematic investigation of the platelet and

kukocyte rounts in large ●nimda as s function
of dam ig the subkthal range am indicated.

It is not pomible to say ●t pment whether
severity of expomm, or of radiation dam~
cormiates twtter with ahwiute levels of periph-

eral blood count. or with degree of changa

from rent roi or pm~xpavum ieveh Some
rvdmm on this pnint can k gained by ~-

panng tk * of dqmmion of the Mutlw

pkik counts in (iroap 11 ad [11, Mh of

-.. ... ---- - .

~~ m

ubiehuaRJdBay tbD*ednnd*
P-:*.-———+

.
eam&9My~(tb&

e@ammnt imlaitamiMD*capm8i-rn

4i-dk-wrnl--@Yb--
iRthDgmqDdtb~~
8-P}* Jktb-d*~f-
amch~thD~~-

~i4u=i--f----
eandardy disamthmw.dtba-

qeiweoBtdmln ~ma?idaa
iaakuiad tktabadmeqrdar tbm
mamtsrehltim tecamtma~ maybtb
morOAixlbhindDsof espwmi8tAisdmD

4454’ ~d~wbb

Srma iodiatia of +ty of espaun m
hegk!aDed fromB8coeE?pariwn oflniDiMuIn b
dividd manta in Js~ gmqm in which *
tdith ocarmd. In~a~
numb of &at)u wan mcmmtad ody in im-
dividuab whom nautrophib ~ fall Mow
MHIO. In Group 1, ~ or apprvmimatwly SO pr-
mnthadnaatrophib cmuttsbalovr matman
time during the Obi=vatiott ~ and iO

percent had mmnts bdcm 1~. By thin cri-
teri~ them, the et?ective dmmtived by tb
~hp peqk ●pproached the kthd ~

In the dog ([ ’ronkite and w unpubliahad

data ), ●pproximstciy an additiomai 5(} to 100 r

●re required to lower the neutrophiie amnt by
lWM} (Tllq ~J in the high subkthsi ~ m~.

If these data can be ●pplied to ma~ an addi-

tional 5t} to 1(M r WOUM have piaced the &m
well in the lethal range. (h the otkr w

however, it is clear from the p~t data mtd

from cliniai experi- with thera~tic radia-
tion that neutrophi)e counts hetw- 1~ ●nd

tiltm} in human beings are in generai weil tokr-

ated. Human kings with tb bveb of nem-
trophibs show no clinical evidence of ill-

am physiraily ●ctive, ●fwi gtwerally do not nd

p+yiartic ●ntibiotic therapy.

The pea+e of fhup I ame4ximsteal tohava

mmivvd i75r*calrabtmik+W~-
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The relative valne * .pwnl henWoiogi-
rd detmninatiorw in -inlating the ckgme of
?Xpralulw, an WQI1 as the ●[qmoximate &e
ranges over whidv maximum sensitivity for
each detetniitut?ion exist% CXHhe ~tinmted by
drml[mring the degree of hettmtol~ical change

Rl?mng the WVPIUI ●xpraWlre grmlpm. The lwl-

~t IVP {Iegm of chnnge in ncut rophi 1-.1 ympl~

cytes MA l~lateiet~ (vtn he m in Tables 4.2 to

4.5 and Figurw 4.1) to 4.12. I,ymphorvte counts
wcm tlel)t-eswd ~l]prw.iably even ill the 10w-

●xpmlurv (hwllp Iv. In the higlwr claw grou~
however, wit 1) widely (Ii ffetwnt physical esti-

matee of exponure tlw lymldwxyte counts

r r 1 1 1

Tlw total twuttwpitiie rount of ( imup I was
consimtcntiy mom dqwemd than was that of
(irnup 11 and the differerw was of the order of

!itMl to l(NMImiitt. Hovvmwr, day to day wide
fluctuations in the neutrophiie rnurtta INxwrrml.

.\ccnrdingly, this wvipoint nppeard to he of
iinlitd twefuinew ●s an index of reiatitw ●xp

1

_ a--””-

—. .—.-.. ,
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amRlmrity F&eptwbemBmJt, tatgTwpot8ke

-Pf@d-’e pf-Jedattk MJBk
Tit@~cwat9hod *taoreay9tematk

M thatt did tha _ik mntti. Dif-
kQarWa ketm tim IOU- ChoqJ Iv ●nd
**at tiu timgof amsisnmn &pm&m *
d ~ wtth the esqtion of ●dtth mala
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Chapter V

‘ Internal Deposition of Radionuclides
L In Human Beings and Animals
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AX ● -~ dmid ●dpk d d
th OtitIOmm- m MC-~ =mb ~
Slmlyxed b only *O m’-. tk mm -fib

-p ●nd bile materisL TheIRI ●rely= ●re
the mat -1 for rnlaxtin@ thaf mnrentm
tiat ●nd identity of ●li the ~iaily haxnd-
00s intmlly depmited mdtiiw ~
Mvemwement wxa ●bm mu& of the e MS
xctivity of ●ll the rnmpka

To fxci)itatc the prrnwmi~ of tb h~ nom-
brr of urhw mmpk *nt from the tiews -
ning method for lRt8 In@WJu~ ~~iW
of ● basic oxalatc pmwipitstkm with ● hntb-
num mrrier was rmployed on ●n ●l- of tb

M-how urine sampk This mrttmd rapidty
mnrentmt~ the mlimrtivQ dewwnts into ●

SIIISII volume ●nd climinatm t hr ~ I Km

background, .i cmbunat~ prwipitat ion of tlw
entire 9-h9n3r =rnpk inrtwad the mmsititity
of nwmwmnrnt su6rient Iy for snaIyak of
sampka rrdkcted later than 21= nM~tb pIX@

detonst inn.
The bet~ nrtivity wan counted with ● thin cnd

wimkw (it igw-.Mdler fwntcw. The amnt-

ww mlillmtd with ● I.zo, standard, and ●n

appropriate 4-4wmrtion for self -s borpttim w-
made uwng s .S- stamlard.

%32 Fiodiqs sod Ioterpmatm
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highest ●ctivity vvaa in the Rongelnp group lam ( Tables 5.3 and 5.4). T’hia ia chiefly tha

tvsnlt of vnriatious in the quantity of water
Nml both tlw kiml and quantity of fud in-
gvstd The degret of •x~m of the indi-
vIIIual to air-borne nrtivity it4●lso a fmlor in

(Ieterminil)u tlw in(iividunl degtwe of contsmi -

nnt ion. WI Iile there u?m large variations

~nwng imlivi(lufii*. the IIny-to-t{uy I@vel* IJf nr-
tivity for ent.h ill{lividmtl Wem fairly cntt-

~’ililiirvtl [ewlltillg imm lower ilihnlation nnd

ill~ti~jll, or u Iwtlwr it rqmtwwts u higher de-

I
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1
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I

Age -15 ym

‘:

I

m
24
26
35
36
39
47
67
72
75
76

2M ; I,alo
550 0 “
6M l,m2
255 0,
190 2a6 ‘1
2m 1.100
650 1. W3
450 674
I 10 507
44a o
9S) 1, Iao

4
:
●

10
11
la
14
In
22
Xl I
M!
37
40
*
49
52 I
5b
M
57

I

58
M)
62
63
IM
60
71
:3
78
79
no
82

456
47

-
750
4E0
&m

W&

:!W

220
itM

550

:x)

Ulo
Mao

635

U&b

w)

m
m
!mb

465

540

670

H

4a
b70
m

1, 4m
4sb

o
0

I,ttm

a.2m
I,mb

z 170
IW

1,985

2260
1,715
2.010
1. 4X)

o
52

2. (m
1.3ba
2 14(J

——— —
M ●sn 430 758 : . Meul 581 1.2116

VaAuen rurrected for cjemy

So rorrelnt ion was found Iwt w-n }Hmiy ings by the l-S SRI}I+ particularly the ratio

—. —. -.— .—.
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I 1s78 4-
3 lx .%10
s Ma a
4 1210 am
s 14att am
6 Ian :27

——
AvermsF 1?s 5s

Pwcmt oftotalb tiivity 100 42

U*<* mar-m

19
1*
laB
1s0
110
I70

la
10. i

—.-—

Iwwnt in siguifirant nnmuntn at owe &y, u

I)HMWI 111 ‘r:lm .-,.6.

Tabk 5.6,-Maa Bdy Burden of the Rongclap Group



i

5.33 souewd~o” “ ‘-

---- .—-.—. -.





5.4 Intcmal Gmtaminatkm of
Animals
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-A ~-cwxwnu aamu
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———— !

6A- i Sii+jii+j-j ,s ~ .: +%=

. —— —...— —–—-, — —
._ ——— - _—— ——— — —

I

@m (25.8 kmm) I I Lo*- (+)--- ------i ~ ~ ‘Q* I
Ioie

[J~ . . .---i
f). 32 a4

Cdon&CMWnb. . . .1 la 5.0 24 X2

Lu~(A1v&) . . . . . . . . . . 1.s I 0.22 I 0.20 0.8

1.2

1

0.22 i 1.1 1. s
Btmrmeh . ..-

tntestin- (l%A) , 23 0.62 J o.~

I

I ‘- ~~

0.51

&3 0.21 I Q- 0.74
KiduPv

lternainingT- twt;
l—

i —— l—

Tot d 9631;5@j~ j 10X

I’rirw I%mpk. 24 hr .
a: 1,2 ~ 1.6

! ‘3 \___\—-;–

k #25 (22.7 kum) I
Rk+ton (tutd) WIO 5100 \ - ; ~

liver
I 27 0.53 ~ 0.20 I 5.5

(’olon & (’ont-ntu. 16 5.0
i ~~ i

4.9

1.1 ! 0.26 0.33
Lung (.41vw~J
Stomnrh

I
, 2{) ‘ 029 0. 13 : 0. m

26 0.03 0.88 0.82
lot-tine (Smd)

Kdlll,t 31 0. 14 0. 19 1 0.52

I{vmatlllllg ! l-u~- 220 ——. .— —.———

Total 8870 .-lI117 .X34 702

(). 40 0. M
(urine ~mpk. 24 hm 62 44

I

8CMMARY

RIaLHOK TO’TALFkwT L’umt{M Em
(Ium nmh At5tvWT — — ——_..—-

620 5ao 69.0
Sp
~alm

ti8 6.5 7.9

9. 7 !). o 10.5
Rnrv Earth .—

7!4 5 TX 5 07.4

.411Yduvn rorreded for Away.



Table 5.9.—- 4 Gamma Activity of Cbickua From Roagclap (P x 10’)
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mama)
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0-~. A& ‘.~.’:”?.”z
I m

Totu

8WA OAMmA (;m~m) S@
BAN

~lo ~ Am
-— -i — — ——

Had............ . . . . . . ..l a511a 1.= *9 ~ 38.3 9.6 521
&a&a+ ?{M+ Tai. . . . . . .. I Qm O.W 17.4 9. * 7Z 7
vkeem. -------- . ------ - I 0.900 am J: 1.4 0.6 imo
Glib . . . . . . . . . . . . . . . . . . ...1 (1’160 mU 7.8 1X9 67 79. 4
RmdnderotBody. . . . . . . . . . o. ml 1.78 &a 45-2 11.2 43.6

—.

Total Z724 6.41
I

.— — .—. — .—. ——
r- n [67 am) Frn * (10 au)

-. —. ———— .-—. —
(}M Atllvm. x (i- A~lTT,z
BI?A OAMMA B8rA okmua

.—-— — ————- -..——— —...———— -—–—— ..— —

Hal.. a 101 0.23 0045 0.017
%lut Fitu+Ttil.: ““” 0.067 0.23 0058 0.084
Vinixrs.. 1 620 z 14 0. 115 0. 20S
Gllk . . . . . . . . . . (J 04a o. (B O.m I 011
Ukekou . . . . . 0. 197 035 0. Oao 0.070
.Muscie.. o. 151 053 0038 0.074

Total . . z 179 3. 5S (). 301 0.461

—
CLAM01

— —

TOTAL BnA ArnV~-4 4X IW D.M
—— ——— .—

R4~E9KAL AmALrm
— —

PXKKXT
w T(WAL

RADIOCLIMZS? \mrfw

z+ 21.4
~ula 1- 324

other 11 4
5+ o. 7
*J* 0, i
Rare *ha 3a4

$kmplrs collected two monthn point Monstlon.
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mddmdy9iaat4m@bw--*
ndid+d d-y. bthDmalhs Hf-
*ly ~bk to tb&8in8d fmmani-
mala whirh wvm ~urmd dive+ ●nd in whtih
kidqicd t~ mwdl-~dby

- ~.
- ia~ ti** of tbg~ ha artivity

in tiw fink uaa ewntmhated by tlw romWltrWiuW

of mdiaartiv? mMa=id in the viarera. In two
of the liah in which & ●nd mude wem ~
●nted and mtaiyae4 equal amounts of activity
w- found in each fraction. li~wvever, the

storage of these fish in formaldehyde for 3

months may have permitted the di t?usion of

the radioekments from bone to muurle to take
plain. Futiher studiw on fresh fish will clarify
this point.

The contamination of the fish in the lagmn
wan mmaidembly grenter than that of the land

animals studid. .4s tish form n large staph
item in the diet of tlw Marshallese, the high
level of contamillatiotl is imlmrtunt.

.ft the end of a 2!/2-month experimental
period. the excretion t]y the rhickens of both

&tn and gamma ~wtivity per 24 hours waa 5
percent of the value nwasltrwi nt the start at 37

d~~k pmt detonation ~Fig. 5.1).

.inalysis of pig excreta illfiictit~ a similar

(IWVWRW of activit.v with tiule. In a ~-week
period. the gnnlnla ~t ivity excreted per 24
h{j!]m de?rw.sed to abut 2.5 ~nvrent of the ar-

tivlty ex~.retwi at 44 days post detonation.

The excretn of the I)iLm from [-tirik c(mtained
less tlltin 1(I Iwrcent of the gros Iwln srtivity

foun(i III the excreta of the I)igx f~m} IIoI~gelIil,

at the same tinie. This rati{) i}f It) was tiplmox-
imately the same ratio found between the ms-

t]vity of the fcmd. water rnnti soil samples of the

two Iocationa.

fladiochernid .4 dynix o,/ Timtuem and EP -
rr~t{r. Radiochemiral analysis of pig tis+uw
In(iicatd that (;J Iwmvn( ~jf the skelet~l beta

Mctivity was (ier]ved fr[)r~ SP. 7 penwt]t from
Ma””. an{i l{) jwrrent from the r~re earth group

at W! {Invs post (ktontitl{m I T~ble .-~,+ ).. The
radioiaotopic composit ion t~f t !le urine at this

time was sinlilar t{) tl)at of the -keletoil. T}~e

distribution of w“t]vity in [he }xm]y of the ~)Ig

mayqlre-t thdimtribdonrn ha- bilwm
T%@AuAutw aawmntof mtanal cwtt8nrinatioa

imthQRon@4ap puYpb-bb-. mbs

twith O( that found in the animah

.444tMd.hpat~ tk dbhu
. —arbti~~4x~lA ‘=i~=ii 2 ~... ---- ---

at-t IvIty in tb clam (Tabk X1 O). - M
-rth gmmp ~itutai .%1lwmwnt of tk t~~l
iwta artivity. llw ha)anm of tlw artirlty wan
rontribwtmi chiefly by Z@b (2! petwnt ) ●d

RU’*’Q ( r%?perrent). .Wout 50 pmwnt of the

material found in the viarera of the tbh wan

of the tam earth group. Very small anwnts
of strnntium ●nd barium wem found. In the

tisvmeeof the tish, strvmtium, barium ●nd the
rare eatihs contribud only about 1{) perwnt of
the total activity.

.--.AA-
. . . . *.-,~ .~x=2 —“,’ - -- -.--CW— .. . . . . .— __. A... .--
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!%ctionu of lung, liver ●nd tibia, an well aa
thyroid ●nd other endcwrine ~rn of nmt of
the foul ●nd pigs dying qnmtancously or aac-

rith-i, were prepmred. .i few patholti-i

chan~ wem found including ●n ●plastic msr-
HJWin one duck. However, none of t he ~hangea

Nmld Winitely l-masrribed to radiation. .Sec-

t ions of bmw examined by l~isro at the .iW>

a hw indim red no detectabk pat hoiogical

changes.

in birk extraordinary demands are made on

the {.alcium metahjl ism in the production of

PKK hell. It was. therefore. of particular ln-

ter~~t to tkerve. (iuring the promm of egg p-

ti~lvtlon. the Ilietain)iiwll of those internally de-

pasitmi mdioeien~entw which are metabolically

sil]liltir to calciun).

Forty-four {it~ys Hfter detonation, a group of
hens from Rmjrdnp bf+gm laying egg9 for the

timt rinw +inm thmr collection. During the

next n~fmth aml a half, ,]19 eggs were laid by

13 helL*. .\ II of the eggY wem normBl. except

for tW(J WKN from one hen which were laid
W]thout hells. The shells w~re compktm

wwt~h and of normal shape. The ueidUa of
ttw ●ggw ranfd frwn .34)gmnw to M gm~

.. . .. .-.. .A . . ..-. —. .-. .. ---- ---- -
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x hs4,A9datiaA--
k--~n~dluw-- d
thD*~aigttLdhdw
*M~oftk*@C8~
tivd=-witkintk-v f=
~d~betla

Tlm ~ b snd ~ activities of tbo

xHL~andyOtkm~din tho
* 50 ~ obi~ ●nd the gamms activity
4J4b W wu ~rd in tlm remainder of
tlw~ An iti ng umount of gsmma ac-
tivity ~red in the eheib of th !lrat few
~ laid ~ each hem. The maximum ga~
-ivity mm rnlly noted in ●imat the eighth
w laid. Aftw the activity shad ● maxi-
mam value+the aubquent eggs in the mria
dtowed s general derline in activity. Two ex-

ampb of this phenanenoa sm illtirated in

F“wre 5.6.
The highend gamma activity fuund in ● sin-

gh cgg shell waR Wt+tttt) munts per minute,
-mumd at W) d;tjs lxrnt detonation. For ●

~mnm energy of appmxiniateiy 1 mev, this @z-

“= ~ ~ ‘~.(~~~. ~ YOlkS ●nd 81-
bamema had murh b activity than the shell%

an waa anticipated. ‘I%e avwage di~ribution

of gamma activity in the eggs is given in Tabk

~1.11. The mwltn of the radiorhemical analysia
of two eggs ●re p~nted in Table 5.12.

The rnlkniine earths are the pr]ncipal Won

products depmted in the shell. In the albumen
nnd yolk, the beta activity contributed by the

alkaline e}irths wm. (rely a little greater than

that assoriatrd with the rare eatihs.

TIM pattern of rhpmition of the rwlioactivity
within the egg was also studied by meam of

autoradiogmpiw. .1 .wriea of M) ?ggu vmtw
hard boiled. stwtion~i, and autoradiogrepha

m-em })repnti of the ~“ut ~urftu= ( )nly four
of the yolks of thew .-ti) eggs w-em sulEciently

ra(lioartive to lmduce a~ltorrniii(~mptls ( *

Fig. 3.7), ‘I%- + ~ WerF laid on wcm5—
S)vp Ihyq I)y rjw “,, ~ ],~,. Tbrv IS a ivwrPla-
llom l-w~n (k rlllp <~f m~iltm{llvtty in the

YOik ●lbd t)MX ~}f }ll@llcwt
Tlu annrntnt f}f •,~ it J4} mnmv-i froal thv

14. -.J ●~.-.-.. .. . ..- , ;In kmi th~ ~ laying m wry

W?ls#+ ;

. . . . . . . . . . . . . . . . 81 ~ u
Yam . . . . . . . . . . . . . . . . . . Is =
~.--- . . . . . . ..- .1 4 ~ S

much grvater than the ●mount excreted in tk
uritte ;nd f-wa during the period of this study.

HKg production in the chicken mp-nta ●

unique form of natural demntamination.

5.46 Fulil.ity d %ldisak .
Caickem

Fm-tility studies on the contaminated chirk-

ens wem begun :Ilz? months pout detonation,
fi lTlj theuintingof hens and rumters aml the in-

cubation of the eggs Atained. In the timM

clurrh of M) eggs. + wem hatdd. {he of t~

clticks I)d tlw crl}q~ling sli}qd-tendon mmdi-
tion, -mt~gwllt~l lwmw”’ which is not uncom -

tntltl. Radi(mtlaiysis t~f tlm cliivk twmen indi-
~.rntd that (MIly s hardy detwtnhie a’lwunt of

rndlfrnt-tlvr nlal~rml w-as tmnsf~rmt 10 the
(.hwk. altlmugll the nu~hrr kn hml at ttils tinw

aII a(q.mrtabiawntamtnatltm.

!!? -.w+kr L=.-* IMA - pm4 A+4mat icm,

M qcgvi ~ irwubai. of tbcaw. ~ ~em in-



~d~ “ -eft!to~ m
Ao-mdtkexcrea ovw9e~of
& @iwity in tb ixdy of aninrnh - ioeslid
intkl&MWL Thepatteml ofdapmitkmof
tb~prahctaint he Adetxm oina~

~blcm that of tha ●lkafina

- 340rphAgm ‘ I Ci’mnges which mm Ob

am-vedin anmeoftheh myktk=hof
the expuaum of t)w ●nimal to extamal mdiat~

although the ●tkcta of aarem d.-ry chang=
and other diaemw cannot be ruled oat.

‘& alkaline emrtha .S# and Ra’- and tk

ntc -tih group together ~ituted 75 pement
of the gmm btn activity in the pig ●t tP2 daya

pcmt detmmtmn. The tish and dam hads much
lower roncxmtration of the alkaline and mm
entih~ and a body burden mrmiderably higher

than that of the land nnimals.
The ieternal distribution of timion products

in the pig is probabiy representative of the dia-

tributmn In hunml) bein- .\n intimate of the
i]uman body b~lrden wms dmved from the data

on pip
.+( ll~{itw made on egg production of contimi-

[Iuted hms gxve no twidenm of uny ekt of

radiation. The mte of production and theegga

prmiu<”~i Rem boti~ nommi. The extmordi-
nary abiiity of fowl to Ilmbiiim caicium in Aeil

form~tion rewited in the presenre of very high

activity in the shells of tk first few WP ~

act]vlty was wworiarwi with the tission products

of the nik~lilw earth group. .~ significant

armmut of twtivity wa~ found in the yoik and

Imwer anmunts in the albumen. Tha retnod

of act]vity frmn the body of chickens by egg

pruduct km provides an dlective natural cb-
contamination procs

.A ..- . . . . . . . —.. —---- —-., ..— —.—.—. . ..—6 . . :— ..-— —.—. .- . . —-
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AdoykthirbD~*--Q
Wbbbd””” bdtb~

d -~d-di-m’ma% *
~~tb-ms-mm of-
~ti-*tti~ttiBfQ=-
pm-btikldy~ --
M$t@●=

ImtkctIsRttb p’icdpmtd@to-&titk

*ika8 ~ *W nor pthdqiral

~ whidt + k Minitciy ~ribed to
mdhtioa WFW tisdcd in any of tlw ●niemk
(IM * :11 I ivity of urine ●nd titwe mmpb
indirated d, : ●lltbe ●nimals had significant
intemtd mntami=tion. The kvd of inter-
nally dqmitmi radioiwtqms in the pig9 km
Rongdap was Wn times the nnwunt in human
kinpI ftwm thitt ●rea. Tk diffeiwce in tha

●nnunt of internal mmtamittat ion oft he animals
●nd the human hei~ was the result of the pro-
longed stay of the ●nimals in the contaminated

rnma. The rhickens w~m found to have the
namr conrent rst ion of ratfioisntopic mat~rial
l-r unit of btniy w*ight ●s the I]igs.

.tll of the animals rentsil~ing will he oheervmi
thtmughout their Iifetinw for the pomtibk ap-
IwarsIk* of any long t~nn hioiogkal effertn m-
suiting.from their expmwre t{) external and in-

tern81 mdiat ion.

1. HsAlta, J. G.: ‘tlm mMstmllc’ ~ of the
~ txatwts d AA- rlammtn. Rrr. Utd.
PhpoU9 .!: 714 lm
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Tb mdi8*iaa hand ixtttu~tially a-
timiy to the i~ia~ ~nm ●nd gamma

mdiatian fmm tlw wqmn. and Qxpmum to
tb M&lima in ntdy ● tnatt- of ~ in
duration. Faliottt in rdativdy of no signifi-
eatuw. ● ‘I%- t% in no signiiirant mmtami-
natinnoftheaitin ●nd, themfnm. notwta kxkma

nf tiw akin. Itikewi*, them is nn signitimnt
da- nf in~inn or itdtalatinn of radiaartive

mateia~ and *. no “internal ●uitt~r- p*

h.

130th tlw immw{inte gammn RINI neutrnn

mdiatinns mm highly Iwwtrating and will ~re

sI*- acute total tanly radintwn injnry itl man.

The mtin nf nmatnm tn gamnnt ray mntritm-

tion tn tiw tntal @WtivP dt~ nt llistul~ms of

biohtical sign ith”nmw varl~ with wmlmn t yl~.

With nti mm:mon shi4{iing nmtw~ls I●nrth.

ronrmtr), tlw mlatlv~ neutron cnntriimtif~l~ tl}

tlw tfbtal th~ ii~ma~ ~ ith pass thtwugh

tiw mataiala.

U Ad&d lMuasd Mepmtm

WrrwTug~~thuammepm&

~nterd with cdkr atomic w-p
ntw ●m dart amronntea tmly magnitimi many
tinma. W stva of t~al &trttrtion. inst~d of

ntw {W two mik in diamrt~r, may ●xtend aev-
●ml timrs that far. dqwnding npcm the si& of
the weaprMI. Them ww idaat, heat and mdia-
tinn rnsnahkw as lwfnre, and the same pt’obh
of ‘mndling ttlam ratwmltim on Nn unprere-
~lented waie with minimal or no facilities per-

tain. Iti ddition, the probiem of ●xt-nsive
fulhmt is iikdy to wtter.



u

--—._ ... ,. ,__.. —. .—— .. . .
f-

—— — -.. . .- A..-.. —.. ---- ..— -
,l\-



mai sixa f,m ● m-@ intilatinn haxanl. F=
data on th ~mmhaik ●xpawd to fal-. it in
stwn that thr ~ of intmi haxard in tk
●xpmmi pwUma wan Snail. ‘rhia in tmrlxt~
ittg. situw tk pm+ iivcd in ● datidy prim-

itiw Wat@ wiwre maximum pmtitity of mn3-

tamination of fod ●nd water sappiim atid

If the hazard wan minimum tandaw b ron-
ditti it +muid im ●wtt h undrr romiitinmo
of ndern .fnwriran Iiring. With ●ii of tiw

twing of nw+ar drwimw in Xevda ●nd e-

whew. thr icvei of strontium, tiw mcwt impr-

tant tkion iwodwt as far as int-mtai haxad
is mtnwrrwd, is stiil cmiy about l/ltMlt of tiw
iwrnliwthk hfniy tmrdw *s mromn+i by tiw

!$atwnai (’nn)mtttw on Radiation lh-OtWtmn in
Snt IIm;Ii lMI~u of Siancianlslbdimok 5*
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i%itwmimbgmkmiyfbddk-m+
tm+le~~. 1f8pnlaei4but-

nbtiwty d:~ buiMi~ w- ~iti= mm ia giwm
Tb - k t.ko fact that contamin8tioa
aa only b t~ - deatqmi. and tb
demmtamimtion ●m ia Iikeiy to ixrcme quitm
%“ in ● tiiveiy short time. Tinned -
m9 be * with compbta safety ●nd it is
higkly unlikely that city water uyaeme outaida
the ●m of M daamgc will be contsminutad
tmow after a bum One thing ●ppeara to im
mrtain--any effti fiwn intemml rdiation will
beJiong range andwl:lbeofnomIWrn in the
acute period. Total body radiation from
gunma ram ●ni skin irradiation * beta
emitters will be the chief radiological concern

at edy times fdiowing an explosion.

636 Evmive ActiaI; Pmaation F- Fallout

.%me warning of Imibie fallout will be
●vailabb and the falling radio-active mat~rial

mny nctually b visible. .\s slated, the pattern

of fallout will depend on wind velocities and

other weather conditions, and t k pattern is thus

difficult to predict umier the Ixst of ,’ircum-
danres. Ilowever, it will he ●pparent that in
cl~r-ill ~~~ f~l]{jut n~ay not ~y.ur fOr ~~.

erltl IIIIIIUIW ~fter the hinst nnti this period may

extend ti) *VW-HI lmIIrS }tt grenter tiistan(% and

with ~i4)wer wit](i vehriti~. ‘1’}IIIs. thereis some
tinte ff)r ev~sive ~tlioll. ( ‘onsi(ierati(m might
be given 10 evn,llnting tlw tit-en if pmsihle fnil-

out Imttet-ns hIIve heet~ inve4i~mtmi nnd Nre he-

liev~i to he predict~l)le. ( )r it nl~y he Iwwibie

to trike sl~elter. S{lfi~iellt time prfd)tihlY W{mlti

Iw av~ilwhle to tiliow rpl}~tively r~mil)lete l)reiJa-

rntiol] for ill] extpn(ltii stlty III ~tiqlmte •lwlte~

witil =(fwlllg of •lltlii.i~llt ffnn{ ItII{i wkter to

NII{)w *)IIW ~tl\/itlt)iKe to IR tiik~tl I)f tl)~(icway

{)f ti~~i{Ml lmmillt,r rnfiiatl(ltl wttll +fer evacua -

tl(Ml of till IIrwt M few C{N,V* nfter tlw frnilout.

Fnttliti- may, for tIIeIINH Imrt,tw ~ntl~liy

lllta~-t, wt.li N* urnter. l,l}w~r. tin tigtltltlg -~ull~

nwnt. WC. ill rlll> -l)+. 31 kid, 01* Is lnl-

——-.~+y ‘* tniitkm W* ttw - d

bbtaIdtqdun@m

With ~ to+j ~of~-intlu
fdkt ●-, ttu tibw~ tii~ ham b

tvkwd. A fmme b WouiddWe tb til
dClnmwiVed byonA81f,u Nf8briek 4X mm-
cmte @mrture woaid im more dertive. A

kement would dam tb tntsl expoatm to

otw+tenth of its value. in ● shei@tr of thickmm
equivalent to three fznt of egrt~ the & would
k mdueui to one five-thoamndth of ita ~al~
skrding manpiete pmtertion in th m hesv-
iiy contaminated SW

It Amh{ ahm be noted, on the other hand,
that while the decay of him product rdia-
t ions is extremeiy rapid over the tirm few min-

utelt ●fter detonation, the rate of der8y tmcomea
wmsiderably lew rapid in the wreeeding boun
(2). ThIW with falkut ocrurnrtg some houm
after the hla~, if adquate shelter is not ●vail-
abi~, eariier evacuation may be iwtter than m

lying on partiai sheiter ami on rapid &ray of

the rwiiation tieid. Starting ●t 1 hour after

the biast, n given d- rate w-iii faii to about

44 percent of its vaiue by 1 hour iater. How-
ever, ~t lo houm after the blast, ● given dmm

rate wiil fall hy oniy 11 prcent of its value in

n [wrimi ~~f I lmur. e. g,, the d- rate at 1I k-mm

will he S9 permmt of what it was at Itl houm.

Such stnt~rnents as “nl{me than W) }mrent of
the rwiiation (i<nw from) atomic tiebris wlil be

delivered within 11} ht)llm of thePxl)lwI(m time’”

Am trilr (rely if fulic)tlt (wrum immmiiat?ly after

r11P(iefnllRt 1o11, I f tlw maximum fall(mt an(i

II IIIS Ill)lxinliim VXIMMIIIY rnttw itl * fallout area

lIIIVe IIIIt (nx.urrwi for wveral IIOIIN, tlie rate

{)f fklh)ut ill ttw MrPM (J)viwlsly wlli not he as

rnl)id as it wtNIl(i tw ft)r /ttrlier f~llt)llt Rlaterinl.

6.4 13tiuMtimof theSeverityof Ex-

posure to Gamma Radiatkm

*

i
-— .—. ..





. .
~in~mmbdi~ intmtbrw

--’
~’l%m~ofwhoie~ mdiatitm

imjwy which w pmdwmd & pswttmting io9-
=g~A*md=J~

hsUperf&l A8timhumpmJdQwdby
*mdiXtiQ (ktlXUMiloweMrgy X-4X

. .
~e ).

Ra&twnrnjuy prwimadhythe&pai-
& of rda09mci* within tlm tmnfy. The
Clinical picture- withthlaaite andwncmnt
of ~.

Each of the &we is amncisted with sn early
pbm in which acuta aymptarm and Bigna may
be ~ and a late ph- in which chronic
cha~ or mxaifeutations surh M rxncer may
b obwed. .\lxq the dqn5e of injury is ~

portkmd to - I%Amd.wly m (’lu +

total -lxxiy i~, the di~ entity stwat
is highly dqemdent m doaa.

The dose4ependent synd~ rtdting

fmnn total-body ●xIMwme in the mammal have
been bribed in detail [ 1(P13) nntl wed only

be 6ummarixed hem. .$fter large tim ( np-
proximatdy 6,NRJ r or more”) the eentd wm-

ow uyutim 8yrn.Ioonw (t’SS) is produced
( 10). Ihwth may orcur utir the beam after

maw hou~ and 1~ pmwied by hypemxcita -

bility, ataxi~ rwpintory dim and intm-

mittent @upor. Ihrn capable of prmiucing

thix syndrome am mlwaya uniformly fatal. If

an meaaumal ●nimal wrviv~ thik (’SS k has
~ti to esprtence 1hc qtxdrciat~dind myndrwww

((;1S). ( I(I, 1x) whl(.h wiwn pdwd by &~

ia~ofl!lUJ rixdWafifXt81 tihin.W
dqa”” ‘l% GISistmti~of CIW

mxrkd na~ vwniti~, ~ d -

dxtim of tim -11 bowel ~ The Oxsix

● tmibrdy fxtd sy~ in - IdnwaWV

animmk If the ahat &ration fiIS of ● &w
)mm&xxn otpmnhmtkoMday*k tlw
mmiwmof thiaayndrwmhmywt wexpeA-
amwltlw mqwJxoofboa8E8rM’ ~
which hmshmtumxd thokwpsddc ~
droaoe (lIS). The HSixtI08 Mrexxuily fat8L
It is the clitticxi pictmw that is rn in tlm
I@hal ~ for ●U m8mmxb xnd in geneml
the lJ). dun reported tV!prWmt the LD. far
the aequela of helmqmieltic ~ a-

locytopeni8 and ~ cb~ ~i= i-
ferth t.bmmbpeni~ and anemia with tb pa-
aibie rrnulting inkt~ diti purpw~ and
hypoxis due to ~ any of Airh may b.
f-l. Mom dmibd tiptione of tk pA-
OpnesiX oftbphenammhwe hlwnplab
Iiaiwi ( 1W16) .

The above picture of” mdixtion synd~ ix
based on snimal exp%mmt8tti: howevu,
human exm ($ 17-tBl) has indicatui timt
man probably mrmqmdu quite dody tn tk

general ❑mmmalian rqmnxe outlined Amve
with the exreption of some diffemwwma in tuna
of awurn?nce. The ~.’SS 8ppmntly WM not

n&vval by the Japanam ●t Himahima and
Nagasaki (21. %2) nor would one expect itto

be okwd since &MWU to pmdure this syn-

Awme were WQII within the area of MI d, -
@ruction. W (iIS with datha in the 1st
UWk ●m well dorumentmi clinically and patk

lo@.aily an ●re deaths from the HS [m 1*

Q1. L-J j. Hotwver, in the C= of man, deatha

from in fectmn wem nmnt pm~alent in the 2d
to 4th weeks [ maxinl~lnl incidmce during :)d
w-k ) and fron~ hwlmrrhagic phenomena in the

:hl to t$th WAS ( nmxin}~irn in~.idmm in 4th

wwk ) . [n the Japam. after the twnbing of
Hln~hiam aIIci Xagxkl. deatitn fmm mdis
ficni tn]ury -W ~n’rur:vng ms iatc M the 7th

•~ ●m ;--- Xd -ram rw+atbm - .3-4
*T (kib= ● - --I ~atil 191~, rslm *md mmw

i



wukmuk~bk~
-t&hfJfi9t’baE—*m=——
ns*tht$lMdmy.

03 ~af~aomm

wm%indi~eq-dhb~~
W~*AMti**& in~
-&wakEfdloWkg ~)-~
~~to~md~im

~ lmtiqg s di99mt pmgnaak Thu
theymybedi7i!&d intb9tkrwgrlmpm i9vrhicb
-I & ~iwely, ima. ~.

andpCw&U% ItwillbalqHllt th8ttlnreia
im darp liae of &maN+09amtqtbe~

Gmmp l.-%r’&Uz kpV&b&:

If vatiting occurs promptly or within s
few hcmra and rontinua and is foilowd in
rapid ~ by ~mti% dia~
mmrexk fever, the prapooia is gmva;
death will ahmwt definitely omur in 1~
~rmtt of the individual within tha lnt
& There m no known therapy for tk
peopie: acmmii~iy, in s cawmp~ @-

tention shoaid be devoted principally to
othem for whom there in some hops.

(lroup ~—.~wwird poan’b?e:

Yomiting may occur -rly but will h of

relatively short duration fohmd by ●

periai of weil-being. In thin period of
well-being mnrked changea are taking plus

in the henl{qn)ietir timma [.ymphocp
are profoundly depressed within houre and

mnaIn w for months, The neutrophili

mmnt is {iep~ to low level% the ~

and rime of msximum (iepremion depend-

ing t!pon the d-. Signs of infection may

km awn when the total neutrophik count

}’.Aswched virtually xero (7-9 days). The
plateiet count may reach very low levels
after 2 weeks. External evi{knce of bieed-
ing may occur within u or 4 weekn. This

PIP reprewlts the lethal (iow range in
the clnwical pi~arrnacologic wn.se. In the

iiigher exposllm groulH of this rntegory

the lutent perimi In.stn from 1 to 3 week8

higmlmm land9tbo bioaipictmiBlmta8
weU&&entai aaingraap& ‘1’lnt98re@d
ciinicai mmmm to imlti thst i8 tlm ktlmi
mm tha gr8nuklcyte &pmamim will b
marbdand bekbwlmpurn’ during b
~wa&(300d~~inJa.pn (9L

%2) eotdirm thin amtantiam Houwwr, in ti
subJetbd mng9ittimack~ for tln
granuioqte cwant and piatok cu4utt of =
to mmch minimal val~ m ~pui to othar
malnmah (Ime Chapter Iv and18’fi!Nmr@lo).
Despita tha tiic conditicm that exkui in
Himahi~ the data of Kikuchiand W~

(22) shows that thare walls ~ rapid ●nd

marked dermam in Groqm 1 andS than in

Group 3.

GRMp 3.— Vm”rrrl pro&&#:

This group conaiataof individda wim may
or may not h:tve had lbati~ nam and
vomiting on the day of expomnw. In this

group them is no fufiher ●vi&rice of ●f-
fm--m of the ●xpouura ●xcept the hen~a-

toiogic changea that ran be deterd by
wrial studi~ {If the bkxxi with particular

reference to lympimcytew and platelets.

The Iymphoc.vttw mrnch low ieveis eariy,
within # hotlm. Mf)d tnny show littie evi-

dQMW of nwot”ery for many mon~ hs ●ft -

exposum. The granuioqtm may show

some hpmion during the wmnd and

third week. However, cowideraide varia-

tion in enmuntzmi. .4 htc fall in tha

grnnuicx-ym during the 6th or WI week

may occur and should be watAed fnr.

Plateiet counts reach the iowwd on ●pprnx-

iruateiy the ,Xtth tiav ●t the t]mc when

.-.

,~,. . . . .,—._. .... . . ... .*,
M ~-~~.... . . . .
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(’OXMX- &TA ~CMUI ti b SiKift8ftd WhOk

body g8meM mdiatiom injury can ba sutii~
an in the pmaent exe However, situ8-
tiom may orcur foikwing fallout in +ch

~pt eracumtiat from the ama would limit
the whole body dom to minixrml ieveh but in

which delrny in derontamirmtion of the akin
WOUM permit ~Fre rn{li~tion bum The re-

wrmE situation is r x only conreivitble hut w-
curred to a limit=] extent in the .Mamhallese
and .~mericans. Them, who were insi&, and
or completely clottwd, m-eived practically no

skin burns but retwived ●l}parentiy thb same

dqfrew of whole body iadiation. (he might
ahm be expmmi in the open, derontanlinad

Pt’Onlptly ●nd then enter a shelter iwcnuse of
delny in evacuation. [-rider tb cirmlm-
~ti [K% OIR would rwwive ptionlinnnt Iy
whoie body m~lintion injury.

In the coume of the p-nt accident the pmn-
enea of some open skin bums did not seam to

exert ● deleterious influence orI the qmntaneoua

tmurm of the hematologic depe. HOW.
ever, with more revere degrees of hematoiogic

Tam b~ (km~ kj,q
bab “cbuaad (~). l$b~thd
which mnd ciinicd j- + -
.S9pplk ●d maaiiratk ●m tb ind~
k ●ny m emalty xit~ Md a-e
a&JuJdtiochidyomtlw~dti,aq
ti~~ .lntibicAcs wiil k ~md in

s90wtt8t0 cwAmttbinf&ction M
phyusbm rvdainmorik!ity andmoctdity
A irradiated iadivid~ and ~
pi~ and otb intm~ fluti will be m=
qmidtecorrac ttiwah+~kd kid
imbaianm ti~ahomldbo~u m

all dirtied mmdit~ when clinical Md b
ratarytindings (ifhkmtory work bpibb)
indicate tiuir need. Any rnrhmi pmphytik
vairnoftka~h~k~

●nd mmaiderationa of pdmbk short supply in
the fare of overwheting denmml wouid mili-

tata againal their Q in tim ●imence of clew
clinical indirationa There are no drugs apo-
cifw for mdiation injury in man. Comidernbb

P~ hM ~n made in d-bping agenta
eflertive in animals if giren pm~~ to irradiation.

f )f greut experimntd interea in pof# ex-

posure t hemp> haa ken tiw development of
ethwtive therapy by ini~tion of spieqic and

h04~ mnrmw ~t’e~htkJhS. However, the ex-
tmnw labiiity and genetic simcificity of tham

preparations indicatee that tk agents may

never be of prnct i{ al vItl ue. [n addition sub

stltution theml)y by transfusion of =pamtml

platelets and neutmphijee to conht herno&

rhage nnd infection is of experimental intemet

hut lit prtwrnt t~llniques are not wdkiently

devehqmi to wrnrrant consideration of stock-

piling.

Tiwm are no qmcific (iruga for the treatment

(Jf hetlt]t%ionsof the skin. (“nmful ckanli-
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nub~dwd~
Minmybaappbt. hkt’in Amddb
tiwithaatibidkaa-yb~

Atibr~tipaiwti~ to
tb~mdbtianhaa=+ certain-

hwdha~d m
ElWA” nnd ai~imn citmte hsve shown cam-
~ ~ in aai-la W in prwenting

ApOsitioa of eulsin of the fimirmprodmcts in

b b and in acdar8ting tlwir mmoml
fonowi~ depoaitiow. The edier thaae m

. powb are gim Mowing expommq the mon
e#ertive tiwy am. ~Howevbr, aa indk8tui ●-
it in doabtftd that the need for awch agenta in
tha acate period following ●n sttuk woald b

. gnat.

The foliowing additional _iana mg8mi-

ing the rare of bomb raaualtiw am sobmitted

for Considrmtion. .\lt bough civil defen= or-

ganiaatiom in general ham made great@rik

it in apparent that Qven with a wdl-integmted

pian anme degree of chatm will be -t and

early aid to many victims will not be fnrth-
cnming. Hemw. the im~nnre of mlf-aid and

mutual-aid in dlw’tinx survival mti be

*rw4A. Ikrtofn mm] nwiical facilitks of any

kind will he in critiral short nupply; thw ttmin-

ing ~}f lrny indivitlnats in more definitive trea-

tment, rnther thntl only timt aid, tker- cnre-

ful con~ideration. ,Sil}tw WXWrntr prediction of

n-lwm s bomb will fntl is impmwil~le. l’entral

rivil tief~n~ organization in critival target

atwns should b nugwwntd by a ‘cellular” plaru

s phtn of ~raphicnl unita within the ●m

that am mntiaily .wlf.su6cient in terms of

sulydi~ nnd mmlnlttnimttion~ at~d which can

rwder aid to other 41s (Iamaged by the bnrnb.

Thinking in t~mw of dnnuqm within n tatymt

Mma Aequntely hnndkd by the faciliti- of the

mgitm must & Ivplacwi with cotmiderat ion of
pmwihle romldete in~m4J}ilizatitMt of fnrilitietx

with twwultnnt depemienw (m wljnmwr I14m-

● tferted mgiona for Ni(i.

●ut >.= .w;t of whvi?tw dtadtw tema,vtlv •.\~.

‘rem - I
mdidienon N I

hmmbamttm nb’jdofaaafxbsd= Wmq

bY*--btkN**A-f-Y
of~(a5?’7). Ammdi~theJIwistm
nadtomiewtho+eet intil. ‘Ilmeih6a
anti~~’lln~i- mio- !

t*ipof*t4D~inm8ai9 nutweil
I

known. The following qditiW8 iang term
ek%a hsve b oberved in animak: f

1) .~ing of life epaa
!4) Xnenamd inckbncmofmutatiom /
3) Inmwaaed incidenca of ~im and dwr

&n* and malign8nt ~
4) (’atancta
S) (’axxtio~lsr -1 dti
6) ,Sterility w iowemd fertility

7) Im~imd growth mta
In some of tlm tmrnvom from

bnndm at Hiroshima and BJagaaaki
ir x have been definitely obrved:

I 1 (’atmmdn
2) bakemia

i
+

the atomic ,

the follow-

3) lmpairwi growth patterns in some child~n

intensive study of the expomd populatiat ●t
Hin-mhima and Xagn..ki is ● continuing activ-
ity of the .\tomi~ Romb (’aaualty (’ommitmion
ns is the stndy ~ f tlw Marshall- who w-em Qx-

po@d to fldh’)ut. In th~ nkmwe of quantitative

4i4xw mpon.~ dntn for mm, it is impomible to

progw-ticate. with {wtninty, whak if nnything,
WIII tlevelop in the expotwi hfnmhalltwe. .tll

of the phenonwna en utnerated nbove that have

hem obrved in uninl~l~ Are being 9eanheci for
by the nwdiml team. that has undwtaken the
(wntinuing care and study of the Mnmhnll-

on behalf of the .\tomic F.nergy Commi*imt.

.tnnunl stutlim ILre being prrfmmmi and will h

Iqmtied upMl t4t regulwr int~rvals.

6.9 Summaryad Cooduskas

.~I.TIE4N”GH Tnn h’INDIMMI in human beings cx-
ptxd to fa Ilout radiations in the spring, 10.54
Pacith. tk14i tests VNnnmtbe vtirrkl over Qxartly

-—. —.. ,——— ?- .,.s7-
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3)
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4)
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-~~imtbi+iata
vkimity ofakiion atmicwenpoE *S
urpta * will b mm~ similar.
wiitim~~of~theslws
ofdaaag9m mml!hlarger 80&thQ+tha
~ of eaedt~ with wchani4
theme~ or radiatiat injury ●x9 gmetly in-

In addit~ with law waqmq ●n ●ma of
fallowt can extmui for thowtmrtcb of iquam
miba kyaod the mnge of tkrnml ●nd WA
injury, meadting in gamma imdiat~ ~
imdiation of the din and a pmitial in-
ternal haxaml in the ●h of bleat or
thermal injury. .+rioua fallout can orcur
=veral hourtt ●ft-r detonation and at cott-

siderabb ditkuwes. .it thin late ti~ the
early, m-y steep fsl) in dam mta haa ●lmdy
tmurmd and the&c rate falla off ●t a murh
slower rat~. “iltem may & ●dequate time
for countewntmures and eeriy ●v~ruatiott
or other ●ktive evasive action will rake
by ● law ●tnount the totsl dotw -ived.

The gamma mdiation in @ far the moat

=rimls hazard in the fallout area. It is

pewtntting, and expure can wsult in the

satw actNP tmtiiation injury nhtwrvwi in the

Japanesw at Hitv-xthimttnod Saga*ki. The

quantitntim &me-etfect relatiotwhipa may Iw

altervd LecDuw of d- mte ●nd other differ-

wwe9 between the two types of QXpomlre.

lkta r:tdiatiou of the skin from fallout

definitely van he a J)rnt)kn] in the tthtwnce of

lethal dmm of mumiated gamma radiation.

.tlthottgh Iatc in ●ppewing, the skin lesions

may lw st16riwttly wriotts to result in B

-(vumalty-. ( )f qtlal inlpnrta rice, hotvevm.
i~ tIw Iwnttideration of the etfertivenew4of

mther simpb tmtntemwa.sums in I)mwnt ing

the kicnw The Imimw alqmmntly rvmtlt

b)

1.

2.

:1.

4.

%. .

a.

7.

N.

--Y*~~w-
tbb-baea~ktb

F-4a-@--=v@-
-tosmdl~.~m
witbin@bmi~cm’uim@eqadti
●an with -hiag ●d mviy tin and bir
koatsminatitm wvmld p far toward p

vavtti~ thin Ik8amL

Some &qme of internal contutinatiat will
orctfrin pmocis~tofakmt. ‘1’b
amttuntsdqAted in tha My, howevar, will
k datively NIL It ●~n certsin that

no mmtribution to the acute mediral *m

m wilI twdt from thin ~ It ●ppama

●l% ●hhoagh data ●re incmntpbtq that
littb ov no long-term haaard is Iikdy to
rvdt fmn this ras particularly if
twwmabb prwrautiona are taken to ●void
excedve inhalation or i~ton of the tna-

temal. Tha mute madical pmbbma m tlm

fallout ●m will he mwa?ned p%cipally

wttb t~al.body gamma expoaww: aoma with

beta irmtdiatmn of thaakin.
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